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Abstract
At present, although the percentages of students with disabilities (SDs) and/or students who are
English language learners (ELL) excluded from a NAEP administration are reported, no
statistical adjustment is made for these excluded students in the calculation of NAEP results.
However, the exclusion rates for both SD and ELL students vary substantially across
jurisdictions at a given administration, and, in some cases, have changed substantially over time
within a jurisdiction. Consequently, comparisons of performance based on reported NAEP scores
may indeed be biased by differential exclusion and identification practices.

Using only NAEP data, this report investigates plausible explanations for the observed
heterogeneity among jurisdictions in exclusion rates. It also examines the operating
characteristics of a particular class of methods that carry out statistical adjustments to NAEP’s
reported scores to address the possible bias due to differential exclusion rates. The final results of
such adjustments are termed full-population estimates (FPEs). The conclusions are that there is
both a strong likelihood of bias and that neither the current NAEP procedure nor the FPE
methodologies constitutes an ideal solution. The former because it assumes that all excluded
students could not meaningfully participate in NAEP, and the latter because they implicitly

assume that all students could obtain a proper NAEP score.

Key words: Excluded students, full-population estimates (FPEs), indirect standardization, NAEP
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1. Introduction

The purpose of the National Assessment of Education Progress (NAEP; also known as the
Nation’s Report Card) is to document the achievement of American students in a number of
academic disciplines at the national and state levels, overall and by subgroups defined in terms of
various student characteristics. One of the most important uses of NAEP is to track the
achievement trajectories over time of the different groups. Both comparisons at a given point of
time and comparisons of changes over time are affected by how well the assessed students
represent the populations of interest. Although the schools and students within schools originally
selected for NAEP are indeed representative of the total population (in a strict, statistical sense),
the students actually assessed may not be. One of the reasons is that schools or students within
schools may refuse to participate. In addition, some students may be willing to participate but
happen to be absent on the day of the assessment. Currently, NAEP employs a number of
strategies to minimize the effects of these occurrences.

A different concern arises because students with disabilities (SD) and/or English language
learners (ELL) can be excluded from the assessment if, in the considered judgment of school
officials, they cannot meaningfully participate in the assessment, even with the accommodations
provided. At present, no adjustment is made for these excluded students for NAEP reporting. Now,
if all excluded students indeed could not meaningfully participate in NAEP, it would be
appropriate to make no adjustment. That is, the current NAEP procedure is intended to provide
estimates for the population of students who could meaningfully participate in NAEP, which is a
subset of all students enrolled in a particular grade.

However, exclusion rates do vary substantially across jurisdictions at a given
administration and, in some cases, have changed substantially over time within a jurisdiction. It is
likely, therefore, that exclusion decisions are not being made according to uniform procedures and
that there are systematic differences among jurisdictions. Accordingly, there is a reasonable
concern that, for some jurisdictions, NAEP’s estimates of achievement can be biased sufficiently
to lead to incorrect inferences. Obviously, estimates of differences among some pairs of
jurisdictions would be biased as well. These concerns are heightened with the greater prominence
of NAEP results following passage of the No Child Left Behind (NCLB) legislation.

The purpose of this paper is twofold: The first is to determine if there are plausible

explanations for the observed heterogeneity among jurisdictions in exclusion rates. The second is to



examine the operating characteristics of a particular class of methods that carry out statistical
adjustments to NAEP’s reported scores to address the possible bias due to these differences in
exclusion rates. The final results of such adjustments are termed full-population estimates (FPEs),
since they are intended to mimic the estimates that would have been obtained had every student in
the NAEP sample actually sat for the assessment. That is, the FPE estimates what would have been
observed had all students in the grade (irrespective of disability status or English language
proficiency) taken the NAEP assessment. It is important to recognize, therefore, that the target
populations for the current NAEP procedure and for the FPE are qualitatively different.

For present purposes the term FPE refers to a family of methods in which plausible values
(PV) are imputed for excluded students in order to construct a complete data file. These PV
imputed for excluded students are called pseudo-plausible values (PPV) to distinguish them from
the PV of assessed students produced during the NAEP operational analysis.

One FPE method developed by McLaughlin (2000, 2001, 2003) employs a regression
adjustment based on the estimated relationship between achievement and student characteristics
for the SD or ELL students who were assessed. The McLaughlin approach has the advantage of
generating results that are easily accommodated within NAEP’s current reporting protocols, and
can produce adjusted estimates of virtually any statistic that NAEP has reported in the past. The
Department of Education decided to include in an appendix to the report of the NAEP 2002
Reading Assessment results based on McLaughlin’s method. This decision highlights the
importance of examining the technical merits of McLaughlin’s or similar methods and the validity
of the results obtained thereby.

McLaughlin (2000) divided classified students into two mutually exclusive groups: SD and
ELL but not with disabilities (ELL-only). That is, students with disabilities and who are also ELL
are included in the SD group, which is called SD- all in this report.” The analyses were carried out
separately for the two groups, SD-all and ELL-only. McLaughlin’s method involves building a
linear regression model that links the mean PV to some set of student characteristics and
estimating the parameters of that model employing data from classified students who were
assessed. Available student characteristics include demographics (e.g., gender, race/ethnicity),
variables such as degree of disability and/or years of study in English, as well as grade level of
instruction. Then he builds and estimates a variance model that captures, albeit approximately, the

different components of uncertainty. Finally, for each excluded student, PPV are drawn from



normal distributions whose means are derived from the fitted regression model and whose
variances are derived from the variance models.

Over the years, McLaughlin has also carried out auxiliary analyses to support his
contention that excluded students (SD or ELL) differ systematically from included students (SD or
ELL). These analyses employed data from certain states where state test data were available for
substantial numbers of excluded (from NAEP) and included SD/ELL students. In every case, he
observed that the mean state score for excluded SD/ELL students was lower than the mean state
test score for included SD/ELL students. For further details, see McLaughlin (2005, pp. 14-21).
This finding is consistent with the hypothesis that excluded students are not missing completely at
random, with the implication that the current NAEP method would yield biased estimates for the
population of all enrolled students.

The McLaughlin approach was evaluated by means of simulations developed and
implemented by HumRRO (Wise, Hoffman, & Becker, 2006). Wise et al. (2006) began by
applying a particular hot-deck procedure to complete the original NAEP data set by generating
PPV for excluded students.’ Using the completed data set as a starting point, they then constructed
three sets of simulations representing three different levels of selection bias, which were denoted
as Conditions 1, 2, and 3. The results indicated that, if the target population is taken to be all
enrolled students, then the McLaughlin method is superior (in the sense of lower mean squared
error) to the current NAEP procedure. Again, this is to be expected, since the current NAEP
procedure essentially ignores the excluded students. Not surprisingly, the reduction in mean
squared error is greater when the selection bias is greater.

ETS also proposed an FPE method based on slight modifications of the McLaughlin
method. One modification is that a missing category is used if a background variable is missing for
an excluded student. Initially, McLaughlin’s method involved imputing missing values. More
recently, McLaughlin (2005) proposed a different method, which involves coding the levels of
each variable based on the mean PV of the included students at each level. Another modification is
that a different variance component formula is proposed for generating PPV. The ETS approach is
described in details in section 3. Not surprisingly, the HumRRO simulation results are quite similar
for the two methods (see Wise et al., 2006). At the same time, a number of concerns have been

expressed concerning the implications of employing FPEs as the official results in the Nation’s



Report Card. These concerns, juxtaposed against HumRRO’s empirical findings, indicate the
desirability of a more thorough look at FPEs.

In section 2, we explore the differences among states in exclusion rates, with the goal of
determining the extent to which they can be explained by differences in student populations. (This
is critical inasmuch as the principal motivation for resorting to FPEs is the interpretation of the
observed heterogeneity in exclusion rates as evidence of “gaming the system” on the part of some
states.) In section 3, we describe the results of an independent simulation carried out at ETS. The
rationale for this simulation is that it adopts a different design strategy so that the findings
complement (rather than simply replicate) HumRRO’s findings. Moreover, its design affords the
possibility of enhancing our understanding of how FPEs work. In the final section, we summarize
the findings, present key issues around the implementation of FPEs, and sketch out some further
research that should be carried out before a policy decision can be made.

It must be emphasized that the investigations reported here do not bear on the advantages
and disadvantages of the operational methodology employed by NAEP to obtain PV. That
methodology is taken as given and the PV so obtained constitute the input for the FPE

methodologies described below.*

2. Investigating Differences in Exclusion Rates Among States

As indicated in the introduction, the principal justification for employing FPEs in place of the
current NAEP estimates is that the heterogeneity in exclusion rates among states in a particular
administration, as well as substantial differences in some states in exclusion rates over
administrations, may signal the presence of bias in the comparisons that are at the heart of NAEP
reports. The term bias implies that (a) the observed differences in exclusion rates do not reflect true
differences in the proportions of the student populations that can meaningfully participate in NAEP
but, rather, are the result of systematic differences in the application of the protocols by which
school officials are instructed to determine whether SD and/or ELL students can meaningfully
participate in NAEP® and/or other differences among states, such as the range of accommodations
they offer, and (b) these systematic differences change the expected values of the estimates of
population quantities because the comparability of the assessed samples across states is
compromised. The idea behind the introduction of the FPE is to create a more level playing field for

state-to-state comparisons.



It is impossible to determine retrospectively what were the true differences in exclusion
rates and to what extent they were tracked by the observed differences. On the other hand, it is
possible to accumulate relevant circumstantial evidence that should be considered in formulating
policy with respect to the issue. This is the subject of the current section.

The statewide exclusion rates reported by NAEP employ the full originally selected student
sample in that state as the denominator for the calculation. That is, they estimate the proportion of
students in the state sampling frame excluded from NAEP. For the 42 states included in this
analysis based on the NAEP Reading Assessment for grade 4, for example, state exclusion rates
vary from 0.02 to 0.17 (see the second column of Table 1).

It is instructive to examine the exclusion rates separately for each group; that is, employ the
number of students in the group as the denominator for the calculation. Observed exclusion rates
are the proportions of excluded students in the SD or ELL groups and are presented in Table 1
(columns 4 and 7). Note that students who are classified as both SD and ELL are included in what
we refer to as the SD-all group.

The 42 states listed in the table are those that are employed in the simulation described in
the next section. Columns 1 and 2 display the state name and the overall exclusion rate; column 3
contains the total number of SD students, column 4 contains the exclusion rate for the SD-all
category; columns 6 and 7 present analogous results for ELL students. (Columns 5 and 8 will be
described shortly.)

Comparing the category-specific exclusion rates (columns 4 and 7) with the reported state-
level exclusion rate (column 2), it is evident that the former are much more variable than the latter.
Note that for the category-specific rates, the denominators are the total in that category, while for
the state-level exclusion rate the denominator is the number of students sampled. Thus, the
numbers in column 2 are likely to be more stable. From column 4 we see that exclusion rates for
SD-all students vary from 0.12 to 0.64 with a median of 0.30. For ELL students (column 7), they
vary from 0.03 to 0.60 with a median of 0.29. Evidently, there is substantial heterogeneity among
states that is partially masked when only statewide rates are reported. These data are worrisome in
the absence of a plausible explanation for such heterogeneity. What form might such an
explanation take?

The simulation in the next section exploits the fact that exclusion rates vary with student

characteristics. In fact, we employ a pair of student characteristics derived from the NAEP



questionnaire to classify SD-all students into one of 10 categories.® Another pair of student
characteristics, also derived from the NAEP questionnaire, is used to classify ELL-only students into
1 of 10 categories.’” Tables 2 and 3 indicate how the different combinations of levels (i.e., cross-
categories) of the two characteristics have been assigned the labels 1 to 10, for SD-all students and
ELL-only students, respectively. For completeness, Tables 4 and 5 present the aggregate (i.e., pooled
over states) counts of total, assessed and excluded by category, for SD-all and ELL-only students,
respectively. The last panel of each table presents the corresponding category-specific exclusion
rates. Evidently, and not unexpectedly, there are substantial differences in the category-specific
exclusion rates. For future reference, we note that the data in the top panels of Tables 4 and 5 serve
as the basis for the simulation described in the next section.

In this section, however, interest centers on the category-specific exclusion rates for each
state. These are presented in Tables 6 and 7 for SD-all and ELL-only students, respectively.
Summary statistics are presented at the bottom of each table. Clearly, there can be substantial
uncertainty attached to the rates for some state-category combinations that are based on small
samples. Principal interest focuses, however, on summary statistics across states that are relatively
insensitive to the variability of individual rates.

Examination of the tables reveals that for each state the exclusion rates are rather different
from category to category, with the pattern generally conforming to what one would expect given the
definitions of the characteristics. For example, for SD-all students with a moderate level of disability
and receiving grade-level instruction (Category 2), the median exclusion rate (across the 42 states) is
0.11. On the other hand, for SD-all students with a profound level of disabilities and receiving
instruction two or more levels below grade (Category 9), the median exclusion rate is 0.75.

This observation leads to one possible explanation for the between-state heterogeneity in
the aggregate exclusion rates by category: Suppose that states are indeed appropriately and
uniformly implementing the exclusion protocols; however, the distribution of SD (ELL) students’
characteristics varies substantially across states and, accordingly, the proportions of students
falling in each of the 10 categories also varies across states. Consequently, the observed
differences in the aggregate SD (ELL) exclusion rates across states are (mostly) due to the
differences in student characteristics and not to systematic differences in states’ implementation of
the policies governing exclusions. Were that the case, it would cast the data presented in Table 1 in

a rather different light.



Table 1
Counts of Assessed and Excluded SD-All and ELL-Only Students and the Corresponding
Exclusion Rates, Reading, Grade 4, by State: 2003

SD-all ELL-only
Overall
state-level Observed Standardized Observed Standardized
exclusion exclusion  exclusion exclusion  exclusion

State ratt  Total®  rate rate Total® rate rate
Alabama 0.02 400 0.17 0.37 0 0.42 0.31
Alaska 0.03 400 0.14 0.34 300 0.03 0.15
Arizona 0.08 400 0.47 0.36 700 0.16 0.23
Arkansas 0.06 400 0.39 0.36 100 0.34 0.19
California 0.06 1,000 0.26 0.35 3,000 0.09 0.19
Colorado 0.03 400 0.2 0.36 200 0.18 0.27
Connecticut 0.05 400 0.3 0.32 100 0.44 0.31
Delaware 0.12 600 0.64 0.32 100 0.45 0.28
Florida 0.05 600 0.19 0.33 300 0.21 0.27
Georgia 0.03 600 0.24 0.32 100 0.27 0.31
Hawaii 0.04 400 0.24 0.37 200 0.26 0.27
Idaho 0.04 400 0.24 0.36 200 0.16 0.17
Illinois 0.09 800 0.35 0.34 500 0.33 0.32
Indiana 0.04 500 0.28 0.28 100 0.2 0.21
Kansas 0.03 400 0.19 0.34 100 0.29 0.26
Louisiana 0.06 600 0.3 0.26 0 0.42 0.24
Maine 0.07 500 0.39 0.36 0 0.14 0.29
Maryland 0.08 500 0.48 0.34 100 0.45 0.3
Massachusetts  0.06 800 0.19 0.33 300 0.36 0.3
Michigan 0.07 400 0.57 0.38 200 0.23 0.18
Minnesota 0.04 500 0.22 0.34 200 0.13 0.21
Mississippi 0.06 400 0.61 0.35 0 0.56 0.25
Missouri 0.08 600 0.46 0.31 100 0.6 0.19
Nevada 0.1 500 0.42 0.39 500 0.32 0.27
New Hampshire 0.04 600 0.21 0.32 100 0.33 0.3
New Jersey 0.05 500 0.27 0.33 100 0.45 0.29

(Table continues)



Table 1 (continued)

Overall SD-all ELL-only
state-level Observed Standardized Observed Standardized
exclusion exclusion  exclusion exclusion  exclusion

State ratt  Total® rate rate Total ° rate rate
New Mexico 0.08 600 0.25 0.36 700 0.15 0.21
New York 0.08 600 0.32 0.33 300 0.57 0.31
North Carolina  0.07 900 0.35 0.32 200 0.32 0.26
North Dakota 0.04 500 0.26 0.27 100 0.03 0.16
Ohio 0.09 700 0.58 0.39 100 0.51 0.33
Oregon 0.09 600 0.4 0.37 400 0.26 0.24
Rhode Island 0.05 600 0.17 0.3 200 0.24 0.26
South Carolina  0.08 600 0.45 0.3 100 0.44 0.26
Tennessee 0.05 500 0.31 0.35 100 0.27 0.25
Texas 0.17 1,000 0.54 0.36 1,100 0.48 0.3
Utah 0.05 500 0.24 0.34 300 0.18 0.2
Vermont 0.07 500 0.38 0.36 0 0.28 0.22
Virginia 0.11 500 0.59 0.31 200 0.48 0.25
Washington 0.06 500 0.33 0.38 200 0.19 0.27
Wisconsin 0.06 500 0.34 0.35 200 0.3 0.21
Wyoming 0.02 400 0.12 0.34 100 0.1 0.17

Note. The SD-all category includes students classified as students with disabilities (SD) and
students classified as both SD and English language learners (ELL). The ELL-only category
includes students classified as English language learners only. ELL-only totals for California and
Texas are exceptionally large due to state-specific immigration patterns. SOURCE: U.S.
Department of Education, Institute of Education Sciences, National Center for Education
Statistics, National Assessment of Educational Progress (NAEP), 2003 Reading Assessment.
Authors’ calculations.

*Forty-two states with the state achievement test score as a school-level sampling variable were

included in the study. ® The counts presented in the table are rounded to the nearest 100.



Table 2
Structure of Stratification for SD-All Analyses: 2003

Grade level of instruction in Degree of disability
reading/language arts Mild Moderate  Profound Other
At or above grade level (1) 2) 3) T
1 year below grade level 4) ®)] (6) T
2 or more years below grade level (7) () ) T
Other T i T (10)

Note. i = not applicable. Numbers in parentheses represent cross-categories of years of receiving
instruction in English and grade level of instruction. The SD-all category includes students
classified as students with disabilities (SD) and students classified as both SD and English
language learners (ELL).

Table 3
Structure of Stratification for ELL-Only Analyses: 2003

Years of receiving instruction in English

Grade level of instruction in 4 or more
reading/language arts years 2 or 3 years 1 year Other
At or above grade level (D) (2) 3) +
1 year below grade level 4 (%) (6) T
2 or more years below grade level (7) (8) 9) T
Other 1 + + (10)

Note. T = not applicable. Numbers in parentheses represent cross-categories of years of receiving
instruction in English and grade level of instruction. The ELL-only category includes students

classified as English language learners (ELL) only.



Table 4

Counts of Students Identified as SD-AIl, Assessed, and Excluded, and the Proportion of Excluded

Students, Reading, Grade 4, by Degree of Disability and Grade Level of Instruction: 2003

Grade level of instruction in Degree of disability

reading/language arts Total Mild  Moderate Profound  Other
Identified
Total 23,095 9,133 7,996 1,713 4,253
At or above grade level 7,017 4,633 2,098 286 T
1 year below grade level 4,943 2,598 2,137 208 +
2 or more years below grade level 6,882 1,902 3,761 1,219 +
Other 4,253 T 1l + 4,253
Assessed
Total (regular & accommodated) 15,267 7,047 4,990 654 2,576
At or above grade level 6,137 4,148 1,769 220 1
1 year below grade level 3,566 1,910 1,526 130 T
2 or more years below grade level 2,988 989 1,695 304 +
Other 2,576 + T i 2,576
Excluded
Total 7,828 2,086 3,006 1,059 1,677
At or above grade level 880 485 329 66 Il
1 year below grade level 1,377 688 611 78 T
2 or more years below grade level 3,894 913 2,066 915 T
Other 1,677 T 1l + 1,677
Proportion of excluded students
Total 0.34 0.23 0.38 0.62 0.39
At or above grade level 0.13 0.10 0.16 0.23 T
1 year below grade level 0.28 0.26 0.29 0.38 T
2 or more years below grade level 0.57 0.48 0.55 0.75 T
Other 0.39 + + i 0.39

Note. T = not applicable. The SD-all category includes students classified as SD and students
classified as both SD and ELL. SOURCE: U.S. Department of Education, Institute of Education

Sciences, National Center for Education Statistics, National Assessment of Educational Progress

(NAEP), 2003 Reading Assessment. Authors’ calculations.
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Table 5

Counts of Students Identified as ELL-Only, Assessed, and Excluded, and the Proportion of
Excluded Students, Reading, Grade 4, by Years of Receiving Instruction in English and Grade
Level of Instruction: 2003

Years of receiving instruction in English

Grade level of instruction in 4 ormore 2 or3
reading/language arts Total years years 1 year Other

Identified
Total 11,888 4,246 2,415 1,504 3,723
At or above grade level 5,014 2,990 1,332 692 +
1 year below grade level 1,644 806 584 254 T
2 or more years below grade level 1,507 450 499 558 Il
Other 3,723 T T T 3,723
Assessed
Total (regular and accommodated) 9,040 3,993 1,860 769 2,418
At or above grade level 4,509 2,883 1,151 475 )
1 year below grade level 1,287 726 442 119 T
2 or more years below grade level 826 384 267 175 T
Other 2,418 T i i 2,418
Excluded
Total 2,848 253 555 735 1,305
At or above grade level 505 107 181 217 T
1 year below grade level 357 80 142 135 T
2 or more years below grade level 681 66 232 383 T
Other 1,305 T T T 1,305
Proportion of excluded students
Total 0.24 0.06 0.23 0.49 0.35
At or above grade level 0.10 0.04 0.14 0.31
1 year below grade level 0.22 0.10 0.24 0.53 T
2 or more years below grade level 0.45 0.15 0.46 0.69 i
Other 0.35 T T T 0.35

Note. i = not applicable. The ELL-only category includes students classified as ELL-only.
SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for
Education Statistics, National Assessment of Educational Progress (NAEP), 2003 Reading

Assessment. Authors’ calculations.
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Table 6

Category-Specific Exclusion Rates for SD-All Students, Reading, Grade 4, by State: 2003

Cross-categories of degree of disability and grade level of instruction

State” . @ 6 @ 6 e O ©& © da9
Alabama 0.00 0.00 000 005 000 0.00 0.17 032 0.65 0.18
Alaska 0.01 0.00 0.00 0.11 000 025 0.14 023 074 0.17
Arizona 0.08 041 050 038 039 1.00 086 069 070 036
Arkansas 0.18 027 029 028 025 000 045 057 081 0351
California 0.04 007 007 020 0.11 023 037 051 077 0.26
Colorado 0.02 0.07 0.00 0.00 006 067 022 027 083 033
Connecticut 0.03 0.11 025 0.14 024 033 08 048 0.73 0.51
Delaware 038 054 060 064 076 050 079 089 095 0.59
Florida 0.10 002 0.14 005 0.06 0.00 044 027 047 036
Georgia 0.06 0.10 0.14 0.16 024 0.00 046 038 047 030
Hawaii 0.02 000 029 0.10 0.19 0.00 022 037 082 033
Idaho 0.02 0.03 0.00 0.16 0.18 0.00 033 040 071 030
Ilinois 0.10 0.18 040 022 029 0.10 043 058 0.70 047
Indiana 0.13 0.16 0.00 031 019 000 049 061 070 0.33
Kansas 0.01 003 000 0.11 003 029 022 044 072 0.18
Louisiana 024 024 038 026 063 050 034 049 063 033
Maine 0.05 0.19 040 0.12 020 038 0.60 063 085 0.60
Maryland 0.05 023 050 034 053 100 065 081 074 059
Massachusetts  0.03  0.03 0.27 0.11 0.12 025 027 035 0.65 0.29
Michigan 023 029 038 048 044 0.10 0.82 081 087 0.60
Minnesota 0.04 004 0.17 004 0.14 033 0.14 043 067 034
Mississippi 029 0.13 0.00 076 088 0.00 09 09 1.00 0.27
Missouri 0.16 041 000 049 051 1.00 0.63 069 086 0.56
Nevada 0.05 0.10 0.00 031 033 060 063 062 082 035
New Hampshire 0.02 0.11 022 000 005 022 0.17 028 081 0.50
New Jersey 0.10 0.14 0.00 024 030 0.17 058 039 050 030
New Mexico 0.04 009 000 0.18 025 050 0.19 041 077 024
New York 0.13 031 0.00 030 024 025 024 057 068 034
North Carolina  0.17 0.16 025 022 032 033 0.60 054 070 046
North Dakota 005 021 036 037 043 033 036 053 061 025
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Table 6 (continues)

Cross-categories of degree of disability and grade level of instruction

State® ama @ 6 @ 6 6 O ©® © Jd9g
Ohio 030 024 050 049 058 1.00 0.67 068 094 0.59
Oregon 0.09 006 038 029 024 000 058 062 079 048
Rhode Island 0.04 000 033 0.12 0.15 000 0.19 038 089 0.26
South Carolina  0.07 0.12 043 058 064 056 079 092 090 0.58
Tennessee 0.05 0.15 0.14 026 0.10 050 029 056 0.65 0.38
Texas 029 022 020 067 054 090 080 080 082 0.50
Utah 0.03 009 050 0.11 0.07 000 032 049 076 0.20
Vermont 0.00 004 0.00 0206 016 023 055 072 091 0.53
Virginia 022 038 060 072 079 044 090 088 095 0.52
Washington 0.03 0.14 0.00 027 021 050 037 051 078 0.33
Wisconsin 0.06 008 0.00 009 027 033 059 052 062 0.5
Wyoming 0.02 000 0.00 002 019 000 0.10 022 033 021

Summary statistics

Mean 0.10 0.15 021 026 029 033 047 054 074 0.39
Median 0.05 0.11 0.18 023 024 027 044 052 0.75 035
Standard
deviation 0.10 0.13 020 020 022 031 024 020 0.14 0.14
Minimum 0.00 0.00 0.00 0.00 0.00 000 0.10 022 033 0.17
Maximum 0.38 0.54 060 0.76 0.88 1.00 090 096 1.00 0.60
Correlation with
Pk 0.77 0.74 047 089 084 048 086 093 063 0.70

Note. The SD-all category includes students classified as SD and students classified as both SD

and ELL. py is the actual exclusion rate of SD-all in state k. SOURCE: U.S. Department of

Education, Institute of Education Sciences, National Center for Education Statistics, National

Assessment of Educational Progress (NAEP), 2003 Reading Assessment. Authors’ calculations.

*Forty-two states with the state achievement test score as a school-level sampling variable were

included in the study.
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Table 7

Category-Specific Exclusion Rates for ELL-Only Students, Reading, Grade 4, by State: 2003

Cross-categories of years of receiving instruction in English

and grade level of instruction

State® m @ & @ e © O ® O d9
Alabama 040 050 0.00 0.00 0.00 0.00 000 1.00 0.67 050
Alaska 0.00 0.00 0.13 0.04 000 050 000 009 080 0.04
Arizona 0.04 0.09 033 008 033 0.67 000 021 0.69 0.17
Arkansas 0.05 022 000 025 050 1.00 1.00 067 067 0.67
California 0.01 0.05 026 001 0.16 050 001 0.17 037 0.15
Colorado 0.00 0.00 0.00 005 0.I1 008 000 042 062 036
Connecticut 020 0.14 033 000 0.17 050 000 0.55 1.00 0.67
Delaware 0.00 040 067 000 038 1.00 000 040 1.00 0.60
Florida 0.00 0.11 035 000 0.08 083 000 027 082 023
Georgia 0.00 0.08 100 000 0.17 1.00 0.17 0.15 085 031
Hawaii 0.00 022 0.17 013 044 040 030 043 036 038
Idaho 0.01 0.00 025 003 038 050 009 050 1.00 036
Illinois 0.15 028 058 033 044 09 1.00 0.67 1.00 0.23
Indiana 0.00 0.00 0.67 000 000 100 000 050 1.00 0.31
Kansas 028 020 0.67 000 0.00 057 000 060 1.00 0.21
Louisiana 0.14 033 100 000 1.00 000 000 000 1.00 0.50
Maine 0.00 0.00 0.00 000 1.00 0.00 000 1.00 1.00 0.00
Maryland 0.17 033 073 056 038 050 029 057 1.00 040
Massachusetts 0.00 025 0.17 006 0.16 030 000 056 0.69 0.56
Michigan 0.01 0.00 0.8 020 050 075 021 063 1.00 0.31
Minnesota 0.00 0.17 0.00 000 022 1.00 000 064 0.77 0.13
Mississippi 1.00 050 000 000 000 1.00 0.00 0.00 0.00 0.25
Missouri 040 0.63 1.00 050 0.83 0.00 000 0.00 1.00 045
Nevada 0.05 032 043 0.14 032 080 036 074 051 030
New Hampshire 0.00 0.00 1.00 0.00 0.00 100 075 0.67 092 0.19
New Jersey 027 024 045 000 000 087 067 040 083 0.62
New Mexico 0.04 0.08 0.12 008 036 0.08 012 075 031 024
New York 026 038 073 053 065 060 050 1.00 096 0.56
North Carolina 0.15 0.14 045 000 038 1.00 0.00 0.50 0.88 0.34
North Dakota 0.00 0.00 0.00 0.00 000 000 000 000 050 0.05
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Table 7 (continued)

Cross-categories of years of receiving instruction in English
and grade level of instruction

State® m @ & G 6 © O © O Jd9

Ohio 033 022 0.17 000 040 050 000 067 1.00 0.57
Oregon 0.04 0.04 033 010 0.00 083 037 052 078 035
Rhode Island 0.00 025 060 0.17 0.14 000 000 033 061 041
South Carolina 0.00 0.75 060 000 050 0.00 000 0.00 075 0.38

Tennessee 0.00 000 088 0.00 000 0.00 000 000 1.00 0.25
Texas 0.07 0.16 024 0.10 008 0.08 000 071 027 0.80
Utah 0.02 004 043 0.09 009 1.00 026 043 1.00 0.29
Vermont 0.00 040 0.00 0.09 020 0.00 0.00 1.00 0.67 0.25
Virginia 0.14 027 050 053 077 1.00 038 095 1.00 035
Washington 0.00 0.07 020 0.03 0.13 033 022 033 058 027
Wisconsin 0.20 005 0.08 031 0.18 050 0.00 057 0.67 0.57
Wyoming 0.00 0.00 0.00 0.00 000 050 000 1.00 0.80 0.14
Summary statistics

Mean 0.11 0.19 039 0.10 027 053 0.16 049 077 0.35
Median 0.02 0.15 033 003 0.17 050 0.00 0.51 081 0.33
Standard

deviation 0.18 0.19 033 0.16 028 039 027 031 025 0.18
Minimum 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00
Maximum 1.00 0.75 100 056 1.00 100 1.00 1.00 1.00 0.80
Correlation with

Pk 0.62 0.74 037 043 032 005 0.19 0.08 0.12 0.70

Note. The ELL-only category includes students classified as ELL-only. py is the actual exclusion
rate of ELL-only in state k. SOURCE: U.S. Department of Education, Institute of Education
Sciences, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2003 Reading Assessment. Authors’ calculations.

*Forty-two states with the state achievement test score as a school-level sampling variable were

included in the study.
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For example, Minnesota has an SD-all exclusion rate of 0.22 and Michigan an SD-all
exclusion rate of 0.57. Suppose the SD-all students in Michigan are more likely to possess
characteristics that place them in categories with typically high exclusion rates while SD-all
students in Minnesota are more likely to possess characteristics that place them in categories
with typically low exclusion rates. Then these differences could account for the discrepancy in
overall SD-all exclusion rates of 0.33=0.57—-0.22. Of course, an analogous scenario could
pertain to ELL-only students.

This reasoning leads naturally to consideration of indirect standardization as a diagnostic
tool (Mosteller & Tukey, 1977). Typically, with indirect standardization, there are a number of
units of interest—states in our case. The population in each unit is stratified with respect to one
or more characteristics. In our situation, there are 2 characteristics leading to 10 strata
(categories). A set of standard category-specific rates are somehow obtained. (Here, these will be
category-specific exclusion rates pooled over states.) Then, for each unit, these standard rates are
applied to the population in each category, eventually yielding what is termed an indirectly
standardized exclusion rate for the unit. It is important to note that if the category-specific rates
in each unit are generally close to the chosen standard rates, then the indirectly standardized rates
will be close to the observed rates.

The observed aggregate state exclusion rate is a weighted average of the category-
specific exclusion rates (in that state), with the weights being the proportions of the sample (in
that state) falling in the different categories. As indicated above, indirect standardization requires
that we replace the category-specific exclusion rates for the state by a set of standard or pooled
exclusion rates, derived from the experience of all the states. These pooled exclusion rates are
then combined with the same weights as before to yield an indirectly standardized overall
exclusion rate for the state. Differences among states in these indirectly standardized rates are
entirely due to differences in the distributions of student characteristics in the state samples. To
the extent that the indirectly standardized rates track the observed rates, the scenario described
above offers an explanation for the data in Table 1.

There are a number of ways to obtain standardized category-specific exclusion rates. One
would be to simply compute for each category the average exclusion rate across states. Another
would be to compute a ratio estimator of the aggregate rate. We tried both and obtained very

similar results. In the interest of brevity, we only present the latter approach. (Note that since no
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state contributes a disproportionate amount of data, any reasonable standardized rate will do.)
The calculation is carried out separately for SD-all and ELL-only students.

Let k index states and 1 index categories in the classification of students (either SD all
or ELL-only). Further, let

n, = the number of SD-all or ELL-only students in category i of state K,

m, = the number of excluded SD-all or ELL-only students in category i of state k,
N, = Zi N, and
M, =D m,.
Then the aggregate observed state exclusion rate for that group of students is p, = M,/N, . But

this rate can also be expressed as

p

_ Zi Pik M
k Nk >
where p, =m,/n, .

Now let

2 M

A .
Zk My

Then, A is a standardized (or pooled) rate for category i. We define the aggregate indirect

standardization exclusion rate for state k as

Interest centers on comparing {p,} and {p,} . The results for SD-all and ELL-only

students are presented in Table 1, columns 4 and 5 and columns 7 and 8, respectively. The
corresponding scatter-plots are found in Figures 1 and 2.

From the summary statistics in the table, as well as the scatter-plots, it is evident that the
indirectly standardized exclusion rates are much less variable than are the original rates. Recall
that for SD-all students, the observed exclusion rates range from 0.12 to 0.64; however, the

indirectly standardized rates range from 0.26 to 0.39. The ratio of the interquartile ranges is
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Figure 1. Plot of indirectly standardized exclusion rates p, vs. observed exclusion rates p,
for 42 states, SD-all students, Reading, Grade 4: 2003.

Note. The SD-all category includes students classified as SD and students classified as both SD
and ELL. SOURCE: U.S. Department of Education, Institute of Education Sciences, National
Center for Education Statistics, National Assessment of Educational Progress (NAEP), 2003

Reading Assessment. Authors’ calculations.
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Figure 2. Plot of indirectly standardized exclusion rates p, vs. observed exclusion rates p,
for 42 states, ELL-only students, Reading, Grade 4: 2003.

Note. The ELL-only category includes students classified as ELL-only. SOURCE: U.S.
Department of Education, Institute of Education Sciences, National Center for Education
Statistics, National Assessment of Educational Progress (NAEP), 2003 Reading Assessment.

Authors’ calculations.
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0.21/0.04 = 5.2.%3 For ELL-only students, the observed exclusion rates range from 0.03 to 0.60;
however, the indirectly standardized rates range from 0.15 to 0.33. The ratio of the interquartile
ranges is 0.26/0.08 = 3.2. These ratios indicate that states are more homogeneous with respect to
the characteristics of their SD students than of their ELL students.” This accounts, at least in part,
for the fact that the correlation between the observed and indirectly standardized rates is 0.17 for
the SD-all group and 0.58 for the ELL-only group. With regard to the latter, it is evident that states
with low observed exclusion rates also tend to have relatively low indirectly standardized rates.

In the present context, the variability in the standardized rates is more critical than the
correlation with the original rates. The substantially reduced heterogeneity among indirectly
standardized rates means that differences among states in the characteristics of their SD-all or
ELL-only students can only account for a small part of the differences in the aggregate rates.
That is, for both SD-all and ELL-only groups, differences in category-specific exclusion rates
appear to be the major contributor to the heterogeneity among states in aggregate exclusion rates.
This conclusion is further supported by inspection of each column in Tables 6 and 7. There is
substantial variability across states in the category-specific exclusion rates. This impression is
supported by examination of the minimum, maximum, and standard deviation for each column.
(Admittedly, some of the variation is a consequence of the small sample sizes in some of the
categories for some states.) In sum, we cannot account for the differences in state exclusion rates
by appealing to the differences in their SD/ELL student populations. '

A follow-up analysis can shed light on the practical import of the heterogeneity across
states in the category-specific exclusion rates. For example, suppose that states’ category-
specific exclusion rates tend to differ most from the pooled exclusion rates for categories with
small numbers of students. Then the difference between (a) the actual number of excluded
students in the state and (b) the number that would have been excluded had the indirectly
standardized rates been in force would be relatively small. Although this is an unlikely scenario,
it cannot be entirely ruled out.

Accordingly, let E, =m, —An, . Then E, is the difference between the actual and the

expected number excluded in category 1 of state k, where the expectation is based on the

indirectly standardized rate. Then define

_Zi|Eik|
Qk B Zi My ’
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which provides a relative measure of the difference in exclusions for state k under the two
scenarios. (We assume that at least one of the mjy is different from 0.) Clearly, the statistic Q has
a lower limit of 0, which is obtained when the actual and expected numbers are identical in every
category. The upper limit is finite and depends in a complicated way on the patterns of counts.
Typically, the values of Q are less than 1. Table 8 presents the results for both the SD-all and
ELL-only groups. We note that for the former, the median value of {Qx} is 0.34. That is, for half
of the 42 states the Qk exceeds 0.34 (i.e., the relative impact is at least one-third of the observed
number of exclusions). For the latter, the median value of {Qx} is 0.47. That is, for half of the 42
states the relative impact is almost one-half or greater of the observed number of exclusions. We
conclude that the heterogeneity across states in the category-specific exclusion rates is both large
and substantively important: That is, the departures (in numbers of students excluded) from what
one would expect if states had homogeneous category-specific exclusion rates are serious and

merit consideration.

3. Simulation

3.1 Data Source

Data used in this simulation are drawn from the 2003 NAEP Grade 4 Reading
Assessment. The analyses that follow were carried out separately for the two groups, SD-all and
ELL-only, as McLaughlin did before 2005. Forty-two states with the state achievement test score
as a school-level sampling variable were included in this study. The basic data elements have
already been presented in Table 1.

There are different ways to get a complete sample for a simulation study. Wise et al.
(2006) created a complete sample from the 2003 NAEP Grade 4 Reading Assessment by filling
in missing values, PV, and background information, for all excluded students using a hot-deck
procedure. Then, a systematic random sample (with unequal probabilities of selection) was
drawn to identify those students to be excluded in order to obtain a set of simulated data. The
selection process was designed to yield simulated data that had a similar missing-value pattern to
the original data set. Finally, an FPE method was used to fill in the missing values for the
simulated data. The results (e.g., mean scores and their SEs or percent proficient) from the
imputed-complete data were compared with the corresponding values from the complete data set

constructed by Wise et al. (2006).
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Table 8

Relative Differences Between Actual Numbers of SD-All and ELL-Only Students Excluded
and the Numbers Expected Under Uniform Category-Specific Exclusion Rates Qk, Reading,
Grade 4, by State: 2003

State * SD-all ELL-only State * SD-all ELL-only
Alabama 1.24 0.48 Mississippi 0.51 0.71
Alaska 1.47 3.61 Missouri 0.33 0.68
Arizona 0.27 0.53 Nevada 0.17 0.32
Arkansas 0.14 0.46 New Hampshire 0.75 0.54
California 0.34 1.13 New Jersey 0.25 0.47
Colorado 0.91 0.50 New Mexico 0.45 0.52
Connecticut 0.26 0.37 New York 0.20 0.46
Delaware 0.50 0.44 North Carolina 0.14 0.22
Florida 0.72 0.47 North Dakota 0.29 4.81
Georgia 0.33 0.34 Ohio 0.33 0.39
Hawaii 0.59 0.26 Oregon 0.15 0.27
Idaho 0.48 0.34 Rhode Island 0.83 0.39
[llinois 0.12 0.49 South Carolina 0.41 0.44
Indiana 0.15 0.40 Tennessee 0.16 0.65
Kansas 0.79 0.52 Texas 0.34 0.56
Louisiana 0.35 0.50 Utah 0.49 0.31
Maine 0.28 2.12 Vermont 0.34 0.42
Maryland 0.32 0.33 Virginia 0.48 0.48
Massachusetts 0.71 0.35 Washington 0.17 0.41
Michigan 0.36 0.45 Wisconsin 0.25 0.53
Minnesota 0.57 0.82 Wyoming 1.75 1.01

Note. The SD-all category includes students classified as SD and students classified as both SD
and ELL. The ELL-only category includes students classified as ELL-only. SOURCE: U.S.
Department of Education, Institute of Education Sciences, National Center for Education
Statistics, National Assessment of Educational Progress (NAEP), 2003 Reading Assessment.
Authors’ calculations.

*Forty-two states with the state achievement test score as a school-level sampling variable were

included in the study.
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Another approach is to treat the students who actually took the NAEP assessment as the
complete data set and then, according to some design, exclude some of those students by deleting
their cognitive data. The remaining students then constitute the set of assessed students for
purposes of the simulation. This strategy avoids having to fill in missing data as a first step and,
consequently, obviates the question of to what degree do the simulation results depend on how
the missing data are constructed. It also has the advantage that the PPV generated can be
compared with the corresponding actual PV. As we shall see, this capability can yield new
insights into the operating characteristics of FPEs. The obvious disadvantage, of course, is that
the size of the assessed sample is smaller than the one created by Wise et al. (2006).

For this study, we use a deletion mechanism corresponding to Condition 1 of Wise et al.
(2006)."" Since the purpose of our simulation study is to carry out a preliminary evaluation of the
effectiveness of the FPE method, this approach should work well enough. To recap, the data of
assessed students from the 2003 NAEP Grade 4 Reading Assessment are treated as a complete
data set in our simulation study.

The exclusion rates of SD-all and ELL-only samples for each state are presented (again)
in the columns 2 and 4 of Table 9. The maximum rate among these 42 states is 0.64 (Delaware)
and the minimum is 0.12 (Wyoming) for the SD-all students, while for the ELL-only students,
the maximum rate is 0.60 (Missouri) and the minimum is 0.03 (Alaska, North Dakota). In order
to prevent the simulated sample of included students from becoming too small, we kept the
minimum rate at 0.12 and 0.03 and reduced the maximum rate from 0.64 and 0.60 to 0.50 for
SD-all and ELL-only students, respectively. Fixing the two points for the SD-all or the ELL-only
group, a linear equation passing through these two points was established and the simulation
exclusion rates for the 42 states were obtained. These simulation exclusion rates of SD-all and
ELL-only students are listed in the third and the last columns of Table 9, respectively. The
simulation exclusion rate of a state multiplies the number of SD-all (or ELL-only) students in
that state in the simulation to obtain the target number of excluded SD-all (or ELL-only) students
for that state. The simulation target number of excluded students is denoted as m, .

As discussed in the previous section, for each group (ELL-only or SD-all), two student
characteristics that were strongly correlated with exclusion rates within states were selected. The
category-specific exclusion rates by state for the 10 categories formed from these two pairs of

student characteristics for the SD-all and ELL-only students have been presented in Tables 6 and 7.
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Table 9
Observed and Simulation Exclusion Rates for SD-All and ELL-Only Students, Reading,
Grade 4, by State: 2003

SD-all ELL-only
Observed Simulation Observed Simulation
State” exclusion rate  exclusionrate  exclusionrate  exclusion rate
Alabama 0.17 0.15 0.42 0.35
Alaska 0.14 0.13 0.03 0.03
Arizona 0.47 0.37 0.16 0.14
Arkansas 0.39 0.32 0.34 0.29
California 0.26 0.22 0.09 0.08
Colorado 0.20 0.18 0.18 0.15
Connecticut 0.30 0.25 0.44 0.37
Delaware 0.64 0.50 0.45 0.37
Florida 0.19 0.17 0.21 0.18
Georgia 0.24 0.21 0.27 0.22
Hawaii 0.24 0.21 0.26 0.22
Idaho 0.24 0.21 0.16 0.13
Illinois 0.35 0.29 0.33 0.28
Indiana 0.28 0.24 0.20 0.17
Kansas 0.19 0.17 0.29 0.25
Louisiana 0.30 0.25 0.42 0.35
Maine 0.39 0.32 0.14 0.12
Maryland 0.48 0.38 0.45 0.38
Massachusetts 0.19 0.17 0.36 0.30
Michigan 0.57 0.45 0.23 0.19
Minnesota 0.22 0.19 0.13 0.11
Mississippi 0.61 0.48 0.56 0.46
Missouri 0.46 0.37 0.60 0.50
Nevada 0.42 0.34 0.32 0.27
New Hampshire 0.21 0.18 0.33 0.28
New Jersey 0.27 0.23 0.45 0.38
New Mexico 0.25 0.22 0.15 0.13
New York 0.32 0.27 0.57 0.48

(Table continues)
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Table 9 (continued)

SD-all ELL-only
Observed Simulation Observed Simulation
State” exclusion rate exclusion rate exclusion rate exclusion rate
North Carolina 0.35 0.29 0.32 0.27
North Dakota 0.26 0.22 0.03 0.03
Ohio 0.58 0.46 0.51 0.42
Oregon 0.40 0.32 0.26 0.22
Rhode Island 0.17 0.16 0.24 0.21
South Carolina 0.45 0.36 0.44 0.37
Tennessee 0.31 0.26 0.27 0.23
Texas 0.54 0.43 0.48 0.40
Utah 0.24 0.21 0.18 0.15
Vermont 0.38 0.31 0.28 0.24
Virginia 0.59 0.47 0.48 0.40
Washington 0.33 0.27 0.19 0.17
Wisconsin 0.34 0.28 0.30 0.25
Wyoming 0.12 0.12 0.10 0.09

Note. The SD-all category includes students classified as SD and students classified as both SD
and ELL. The ELL-only category includes students classified as ELL-only. SOURCE: U.S.

Department of Education, Institute of Education Sciences, National Center for Education

Statistics, National Assessment of Educational Progress (NAEP), 2003 Reading Assessment.

Authors’ calculations.

*Forty-two states with the state achievement test score as a school-level sampling variable were

included in the study.

Tables 4 and 5 present the counts of assessed and excluded students in these 10 categories

and the proportions of excluded students for the state-aggregate SD-all sample and the state-

aggregate ELL-only sample, respectively.

Recall that p, denotes the category-specific exclusion rate given category i in state K,

i1=1,2,.,10 and k=1,2,...,42. Typically, the entries in the table of { p, , i=1,2,...,10 } are

quite heterogeneous. Some of the variation is due to small sample fluctuations. In order to

generate more stable estimates, we employed an empirical Bayes-type approach. Specifically, we
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smoothed these category-specific exclusion rates by using p, , the observed SD-all or ELL-only

exclusion rate in state K (i.e., column 5 or column 10 of Table 1), as follows: Let

_ (P~ )
ZI l(p'k

Then, truncate ¢, at 0.5 from below. That is, if ¢ <0.5, let o, =0.5. (Thus, the final ¢, is at

least 0.5, which will constrain the amount that the category-specific exclusion rate can be shifted

toward overall exclusion rate.) The smoothed category-specific exclusion rate is defined as
Pi = &y Py + (1= ) Py
Simulated data are then generated such that the number of simulated excluded students in
state K is m, (the target number), and the probability of exclusion of an SD or ELL student in

category I is proportional to f, , defined above. Following the methodology of Wise et al.

(2006), we generate four replicate data files for the simulation, with the replicates consisting of
systematic random samples designed to have minimal overlap in the sets of excluded students.

The key steps are as follows:

e Each student in state k is placed in a particular category based on her/his
characteristics. Let j index students and p, () denote the exclusion probability for
the category associated with student j . For each state, calculate the sum of the

probabilities of exclusion across SD-all or ELL-only students and then divide by the
target number of excluded SD-all or ELL-only students for that state, which is the

sampling threshold, denoted as 6, . That is,

> 0D

6 =
k mk

The sampling threshold determines the step size employed in systematic sampling.

e Four starting values are selected, say 1/8, 3/8, 5/8, and 7/8, one for each of the four

replications. The starting value is denoted as 6.
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e For each state, the SD-all students or the ELL-only students are sorted by race,

accommodation, and P, (]), respectively. The following m, (possibly +1) students

are then excluded: Student | is excluded if, and only if,

j-1 j
0, +Z P, (H<md, <6, +Z . (D
1=1 1=1

for m=12,...,m, , where m, is the target number of simulated excluded students in state

k . Thus, we obtained four replicate data files, with simulated included and excluded
students for each state. This process parallels the procedure followed by Wise et al.
(2006), which contains further details on the selection of a systematic random sample

with unequal probabilities of selection.

3.2 Method

In order to obtain an FPE, we establish a linear regression model that relates the PV of
included SD or ELL students to a number of student characteristics to generate (predict) PPV for
the excluded students. The process has two phases.

Phase 1: Variable selection for regression models. In this simulation, complete data
(i.e., all assessed SD-all or ELL-only students in the original NAEP sample) were used to select
a common collection of predictors for the linear regression models for all four replicates. The
first columns of Tables 10 and 11 present the 19 characteristics available for the models for SD-
all and ELL-only students, respectively. These characteristics are a combination of those
available in advance of sample selection and those obtained for each classified student. Each
discrete characteristic generates a set of dummy variables as predictors in the linear regression
model. These predictors are centered separately within each state, so that they can be pooled
across states when fitting a regression model. The school-level achievement score is also
standardized separately within each state.

The dependent variable in the model is the deviation of the student’s PV from the
corresponding unweighted mean of the PV of the students in the corresponding group (SD- all or
ELL-only) in the state. Since there are five PV generated for each student, a regression analysis
can be replicated over five sets of PV, where a set denotes a full sample of students (SD-all or

ELL-only, pooled over states) together with one plausible value for each. A backward selection
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method is used to determine which of the 19 sets of variables should be included in the model.
Note that we either keep or delete all dummy variables associated with one discrete characteristic
in the regression model. When deleting stepwise a set of dummy variables, we use a maxmin
rule. That is, we delete a set of dummy variables associated with a particular characteristic if all

these dummy variables are not significant and their minimum p -value is the maximum among

all sets of dummy variables that are not significant.

The last five columns of Tables 10 and 11 indicate whether or not the variables are
retained in the corresponding regression model, based on each of the five sets of PV. For the
final regression model used to generate the PPV, predictors are discarded if the corresponding
coefficients are statistically significant in two or fewer of the five regression models. For the SD-
all case, we deleted three variables: participation in the same curriculum content as nondisabled
students receiving the same grade level of instruction in language arts, percent Hispanic, and
percent American Indian. For the ELL-only case, we deleted two variables: school enrollment
and percent Asian.

Phase 2: Fitting a model. After selecting the common set of independent variables (i.¢.,
the predictors), we independently estimate the regression coefficients for each of the five sets of
PV for each of four replicates. Thus, there are 20 sets of estimated regression coefficients in all.

Let xj be the vector of selected characteristics of excluded student J in state k for a

fixed replicate. Let b be the vector of estimated regression coefficients from a particular set of

PV within a replicate. Then, the prediction from the model is
yjk:Vk'i-b,Xjk’

where Y, is the unweighted mean of (simulated) included SD-all or ELL-only students in state

k. The PPV of excluded students are generated according to

Vic=YutEio
where &, ~N(0,V;) and V, =V +v® +Vj(k3 ) is intended to capture the full uncertainty

associated with generating PPV."? The {& i) are generated independently for each j and k, for

each PPV, and across four replications.
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Table 10
Variables Retained in Regression Models for Each Set of Plausible Values for SD-All, Reading, Grade 4: 2003

Model selection
PV2 PV3 PV4 PVS5S

[a—y

Variable Description P

x012101 Student’s primary disability

x012201 Degree of student’s disability

x015101 Grade level student receiving in reading/language arts

x015201 Participation in the same curriculum as nondisabled reading/language arts
x013001 Adaptation used for achievement testing

slunchl National school lunch eligibility
tol3 Type of location (3 categories)
senrol4 School enrollment

lep Limited English proficiency
title1 Receiving Title I funding

srace Race/ethnicity (from school records)
pctasn  Percent Asian

pctblk  Percent Black

pcthsp  Percent Hispanic

X 2. 2 2|2 2 2 2 2|2 2 2 2 2|<
X 2. X 2|2 2 X 2 2|2 2 2 2 2
X 2. 2 2|2 2 2 2 2|2 x 2 2 2
X 2 2 2|2 2 2 2 2|2 X 2 2 2
X 2. X 2|2 2 2 2 2|2 X 2 2 2

pctind  Percent American Indian/Alaska Native

accom?2 Accommodated
new_x" Missing category for achvmed variable
achvmed Achievement or median income

2 2 2 =2 X
2 2 2 =2 X
2 2 =2 =2 X
2 =2 =2 =2 X
2 =2 =2 =2 X

Dsex Gender

Note. The SD-all category includes students classified as SD and students classified as both SD and ELL. PV = plausible value.
\ = variable retained in regression model for the corresponding set of PV. x = variable not retained in regression model for the

corresponding set of PV.
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Table 11
Variables Retained in Regression Models for Each of the Plausible Values for ELL-Only, Reading, Grade 4: 2003

Model selection
PV 2 PV 3 PV 4 P

—
W

Variable Description P

x014201 This year percent academic instruction native language
x015601 Years receiving academic instruction in English
x015701 Grade level receiving reading/language arts

x015901 How participate in NAEP reading/language arts
x013801 Student’s first or native language

b018201 Language other than English spoken in home
slunchl National school lunch eligibility

X 2 2|2 2 2 2 2

tol3 Type of location (3 categories)
senrol4 School enrollment
srace Race/ethnicity (from school records)

pctasn  Percent Asian

pctblk  Percent Black

pcthsp  Percent Hispanic

pctind  Percent American Indian/Alaska Native
accom2 Accommodated

new X" Missing category for achvmed variable
achvmed Achievement or median income

2 2 2|2 2 2 2 X|2 x 2. 2 2|x 2 2 2 2|<

title1 Receiving Title I funding

2 2 2 2|2 2 2 2 X|2 x 2. 2 2|2 2 2 2 2|<
2 2 2 2|2 2 2 2 X|2. 2 2 2 2|2 2 2 2 2

2L 2 2 2|2 2 2 2 X|2 2 2 2 2|2 2 2 2 2

<2 2 2l 2 2 2 x|2 X

<2

Dsex Gender

Note. The ELL-only category includes students classified as ELL-only. PV = plausible value. ¥ = variable retained in regression
model for the corresponding set of PV. x = variable not retained in regression model for the corresponding set of PV.

“Indicator of missing values in the achvmed variable.



Here V" is the ordinary NAEP estimate of the variance of the mean of included SD-all
or ELL-only students in state k, V,*’ is the MSE of included SD-all or ELL-only students in
state k based on the estimated regression model, and Vj(k3 ) is the estimated variance of § ke
Specifically,

1 & N
Vk(z) = n_z (Vi — yik)z’

k i=1

where n, is the number of included SD-all or ELL-only students in state k, Y, isa PV of an

included SD or ELL student in state k , and §, =V, +b xy - (Note: Here i is used to index

included SD-all or ELL-only students while | is used to index excluded SD-all or ELL-only

students. That is, these indices are different from those in the last section.) Finally,
Vj(k3) = SZX'jk(Z wz ) X

where s” is the residual mean square from the regression based on the state-aggregate sample (i.e.,
centered data for each state, pooled across states), Z is the design matrix of the corresponding

aggregate regression, W = diag(w,,...,w,), W, is the weight of student | (1 =1,...,n), and n is the

number of included SD-all or ELL-only students in the state-aggregate sample.

Once the PPV are generated, they are inserted into the data base, which is now complete;
that is, all students have entries in the five columns designated for plausible values. Thus, all
derived statistics can be calculated using standard NAEP methods employing PV for assessed

students and PPV for excluded students.

3.3 Results

There are three kinds of results (e.g., means and variances) for the simulation data. They
are obtained by using three different methods, labeled as target, NAEP-like, and FPE in this
report.

e Target results are based on the PV of the complete data.
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e NAEP-like results are based on the current NAEP procedure, which employs the PV

of assessed students only.

e FPE results are based on both the PV of assessed students and the PPV of excluded

students.

The following tables present results for each of the four replicates for all 42 states in
the simulation. Tables 12 and 13 display the target mean, the bias in the FPE method, and the
bias in the NAEP-like method for SD-all and ELL-only students, respectively. Recall that the
bias is calculated with respect to the target mean, which differs from the estimand of the
NAEP-like method. The results for SD-all students in Table 12 indicate that, for most states,
the bias of the FPE tends to be small (i.e., less than one scale score point) and takes on both
positive and negative values across replications. By contrast, the bias of the NAEP-like
estimator tends to be large (i.e., greater than one scale score point) and, for the most part,
takes positive values. This is consistent with expectation, since excluded students typically
have lower PV than assessed students. The results for ELL-only students in Table 13 follow a
similar pattern, except that the pattern in signs is somewhat less clear-cut and the magnitude
of the biases is greater. Both of these findings can be ascribed to the smaller sample sizes in
the ELL analysis. For those states with especially small numbers of ELL students, the results
can be quite exotic.

Tables 14 and 15 present for SD-all and ELL-only students, respectively, the target
variance components for the mean estimator based on the complete data, and the differences
between the FPE variance components and the corresponding target variance components. For
the SD-all data, we observe that the estimated variance component for measurement error of the
FPE tends to be greater (and often substantially greater) than the corresponding estimate from the
complete data. On the other hand, the estimated variance component for sampling error of the
FPE tends to be smaller than the corresponding estimate from the complete data. The results for
ELL-only students in Table 14 follow a similar pattern, although the magnitudes of the
differences are substantially greater.

Tables 16 and 17 display the variances of the estimators based on the complete data
(denoted as the target variances), the differences between the FPE mean squared errors (MSE)

and the target variances, and the differences between the NAEP-like MSE and the target
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variances for SD-all and ELL-only students, respectively. To obtain the results displayed in
Tables 16 and 17, for each method the square of the bias and the total variance were combined
for each replication in each state. Then the difference between the MSE of the method and the
estimated variance based on the complete data was computed. For both methods, the MSE is
almost always greater than the variance, and this is reflected in the columns that present the
average differences across replications for each state. Notably, for nearly all states, the NAEP-
like method performs more poorly than the FPE, often by a substantial amount. Again, the
patterns are similar for both groups of students with the magnitudes of the excess in MSE
greater for ELL-only students than for SD-all students.

Tables 18, 19, and 20 are the results based on what constitutes the complete sample in
each state (i.e., regular students and classified students combined) for purposes of the
simulation. Table 18 presents the bias in the FPE method and the bias in the NAEP-like
method. Table 19 displays the variance components of the target state mean and the differences
between the variance components of the FPE mean of each simulation replicate and the
corresponding target variance components. Table 20 presents the target variance, the difference
between the FPE MSE and the target variance, and the difference between the NAEP-like MSE
and the target variance for each state. Since these tables present results for the full sample in
each state, they are analogous to those presented for Condition 1 in Wise et al. (2006).
Examination of Table 18 reveals that the bias in the FPE is small and about equally divided
into positive and negative values. The bias of the NAEP-like method is typically between one
and two scale score points and always positive. From Table 19, we see that the measurement
variance component of the FPE tends to be greater than the measurement variance component
of the complete data, but that the sampling variance component of the FPE tends to be smaller
than the sampling variance component of the complete data. The comparison of the total
variances then depends on the magnitude and signs of the variance component differences. In
general, they are very close.

The results displayed in Table 20 indicate that the FPE performs nearly as well as—and,
for a few states, slightly better than—the estimate based on the complete data. By contrast, the
NAEP-like method always displays an excess in MSE, typically in the range of one to two units

(squared scale score points).
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Table 12

Bias in FPE Mean and NAEP-Like Mean for SD-AIl Students in NAEP Reporting Scale, Reading, Grade 4, by State: 2003

Target [Bias = FPE mean — target mean] [Bias = NAEP-like mean — target mean]

State® mean N  Average Repl Rep 2 Rep 3 Rep4 Average Repl Rep 2 Rep 3 Rep 4
Average T T -0.18 -0.05 -0.34 -0.28 -0.04 1.48 1.61 1.40 1.52 1.40
Alabama 158.28 333 0.46 0.02 0.06 0.68 1.10 2.01 1.79 1.84 2.61 1.81
Alaska 177.12 387 -0.52 -0.25 0.06 -1.07 -0.82 0.74 1.16 0.96 0.69 0.15
Arizona 177.20 238 -0.43 -0.48 -0.56 0.35 -1.02 1.89 0.09 0.45 3.27 3.74
Arkansas 164.21 266 -0.48 -0.34 -0.49 -1.08 -0.02 1.46 1.60 1.06 1.40 1.77
California 175.89 716 0.80 0.77 0.45 0.66 1.33 1.14 0.37 0.94 1.24 2.01
Colorado 185.27 313 0.00 0.44 0.16 0.69 -1.29 1.04 1.64 0.55 1.52 0.43
Connecticut 191.95 292 -0.52 1.04 0.13 -1.39 -1.85 1.37 3.33 1.85 0.81 -0.50
Delaware 204.75 207 0.44 4.63 0.67 -3.56 0.01 1.97 6.57 3.30 -1.20 -0.77
Florida 184.13 492 -0.10 -1.10 -0.30 0.11 0.88 0.94 0.41 0.99 1.32 1.04
Georgia 181.40 481 0.04 -1.27 0.26 0.81 0.38 1.31 -0.39 2.19 1.93 1.52
Hawaii 162.10 328 -0.18 0.12 -1.16 0.27 0.08 1.00 1.14 0.41 1.65 0.78
Idaho 175.40 317 -0.17 0.64 -2.15 1.12 -0.28 1.21 1.68 0.17 1.99 0.99
[linois 182.90 530 0.19 0.84 -0.74 0.92 -0.25 1.92 2.85 1.37 3.29 0.16
Indiana 187.82 360 0.21 0.87 0.43 0.23 -0.70 1.40 1.56 1.58 1.81 0.63
Kansas 184.96 330 -0.11 0.70 -0.88 0.18 -0.43 1.33 2.20 0.50 1.50 1.11
Louisiana 172.28 428 0.00 -0.49 -0.35 1.03 -0.19 0.48 -0.38 1.19 1.22 -0.11
Maine 19542 321 -0.23 2.46 -1.10 -1.98 -0.28 1.39 4.66 1.10 -1.07 0.89
Maryland 191.48 252 -0.89 -1.93 -3.40 0.74 1.03 2.25 1.87 -1.17 4.42 3.88
Massachusetts  199.91 668 0.43 0.73 0.34 0.32 0.32 1.01 1.44 1.07 0.56 0.95
Michigan 185.98 180 -1.40 -3.00 -3.31 1.20 -0.49 1.87 -1.31 0.80 6.33 1.65
Minnesota 184.62 370 -0.21 -0.84 -0.57 -0.93 1.49 1.47 0.42 1.16 1.33 2.99
Mississippi 190.60 140 0.59 4.14 3.52 -2.99 -2.33 3.93 8.65 6.63 -0.38 0.80
Missouri 195.83 318 -0.67 -1.97 -1.26 -0.29 0.83 1.87 0.27 1.42 3.45 2.33

(Table continues)
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Table 12 (continued)

Target [Bias = FPE mean — target mean] [Bias = NAEP-like mean — target mean]

State” mean N Average Repl Rep2 Rep3 Rep4 Average Repl Rep2 Rep3 Rep4
Nevada 172.19 263  0.14 -0.57 0.65 -0.32 0.78 291 2.59 1.72 3.53 3.81
New Hampshire 193.53 451  0.11 0.23 -0.23 0.01 0.43 0.80 0.99 0.64 0.54 1.04
New Jersey 19596 359 -0.57 -1.29 0.69 -0.29 -141 0.60 -0.09 2.03 099 -0.53
New Mexico 180.89 412 -0.24 -1.19 0.54 0.59 -0.90 1.06 0.39 1.94 1.72 0.20
New York 192.64 437 -0.34 -0.46 0.33 -0.89 -0.33 1.02 0.05 2.29 1.21 0.52
North Carolina 19434 567 -0.37 0.49 -0.06 -0.84 -1.08 1.07 2.11 1.35 0.22 0.62
North Dakota 189.61 332 -0.61 -0.73 -0.85 -1.65 0.77 1.02 1.05 0.98 0.20 1.85
Ohio 173.96 295 1.3l 1.71 -0.34 0.23 3.62 1.77 1.32 2.68 0.73 2.34
Oregon 187.93 344 -0.13 -0.53 -0.40 1.53 -1.12 1.66 0.84 1.92 222 1.66
Rhode Island 190.09 518 -0.45 -0.69 0.17 -1.21 -0.09 0.65 0.67 1.30 -0.10 0.71
South Carolina 193.41 337 -1.32 -1.91 -0.69 -1.98 -0.68 1.19 1.67 0.89 0.30 1.89
Tennessee 180.14 352 -1.01 -1.71 -1.03 -1.06 -0.24 0.88 0.25 -0.24 1.85 1.64
Texas 190.73 434  0.61 1.18 -0.14 -0.05 1.45 2.15 2.60 1.38 1.57 3.05
Utah 178.76 389 -0.54 -0.27 -1.32 0.42 -0.98 1.56 1.63 1.20 232 1.09
Vermont 202.54 300 -0.31 -0.29 -0.25 -0.39 -0.31 1.62 1.47 2.48 0.69 1.85
Virginia 200.56 207 -0.50 1.84 -2.06 -1.89 0.12 3.01 7.20 0.48 -0.18 4.52
Washington 188.24 353  0.18 -2.29 1.92 0.48 0.60 1.85 -0.31 3.31 3.95 0.45
Wisconsin 181.18 300 -0.41 -0.81 -1.09 0.34 -0.10 1.86 1.79 1.21 1.92 2.50
Wyoming 183.99 350 -0.27 -0.77 0.07 -0.67 0.28 0.69 -0.08 1.07 0.58 1.19

Note. i = not applicable. The SD-all category includes students classified as SD and students classified as both SD and ELL.

FPE = full-population estimation. N = number of students. Rep = replicate. SOURCE: U.S. Department of Education, Institute of

Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress (NAEP), 2003 Reading

Assessment. Authors’ calculations.

*Forty-two states with the state achievement test score as a school-level sampling variable were included in the study.
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Table 13
Bias in FPE Mean and NAEP-Like Mean for ELL-Only Students in NAEP Reporting Scale, Reading, Grade 4, by State: 2003

Target [Bias = FPE mean — target mean] [Bias = NAEP-like mean — target mean]|

State® mean N Average Repl Rep2 Rep3 Rep4 Average Repl Rep2 Rep3 Rep4
Average T T -0.31 -0.37 -0.16 0.25 -0.94 0.32 1.09 0.52 0.30 -0.62
Alabama 181.69 14 -2.53 -5.98 -6.91 -5.16 7.92 -2.69 -1.89 =717 -5.39 3.69
Alaska 184.04 310 0.04 0.65 -0.08 0.05 -0.48 -0.02 0.41 -0.25 -0.16 -0.09
Arizona 178.47 595 -0.35 -0.47 -0.71 -0.68 0.48 0.17 -0.20 0.14 0.05 0.69
Arkansas 205.82 60 -1.34 -0.17 0.61 -3.81 -2.01 0.01 2.88 1.87 -3.74 -0.98
California 186.31 2,712  0.08 -0.08 0.61 -0.34 0.14 0.23 0.03 0.62 0.07 0.20
Colorado 19491 201 -0.62 -0.65 -0.65 0.39 -1.58 0.14 0.75 -0.44 1.27 -1.02
Connecticut 183.99 49 -2.79 -3.82 -0.23 -3.73 -3.39 -1.01 -0.55 4.78 -4.25 -4.04
Delaware 194.25 36 -0.76 5.27 -1.90 -3.77 -2.64 -0.98 7.91 -2.82 -4.14 -4.88
Florida 20522 257 0.32 0.13 1.51 1.21 -1.57 0.83 0.87 2.39 1.03 -0.96
Georgia 182.18 99 0.52 -1.01 -0.74 1.77 2.06 0.42 0.85 -1.72 1.20 1.36
Hawaii 171.02 142 -1.75 -1.33 -1.52 0.14 -4.28 -0.30 2.09 -0.72 -0.04 -2.54
Idaho 19452 171 -0.19 0.22 -0.48 -0.81 0.33 0.58 0.77 -0.20 1.15 0.59
[linois 183.06 341 -0.49 -0.09 -1.42 -1.13 0.69 0.32 1.44 -0.53 -0.29 0.65
Indiana 195.06 47  0.55 -0.31 -1.92 1.89 2.53 1.25 2.57 -3.69 2.60 3.52
Kansas 193.93 60 049 -1.30 2.76 -2.11 2.60 0.53 -0.25 2.77 -2.13 1.73
Louisiana 210.46 18 -0.88 6.57 -3.25 2.05 -8.87 0.01 9.30 1.74 -0.53  -10.46
Maine 213.06 18  0.68 0.60 -5.22 3.74 3.60 0.93 0.69 -2.06 1.50 3.59
Maryland 195.41 70 -0.16 -4.18 -1.62 5.01 0.14 0.91 -5.35 -1.26 6.98 3.27
Massachusetts 196.63 217  1.19 2.48 0.85 0.11 1.35 0.22 2.31 -0.79 -0.35 -0.28
Michigan 206.84 130 -0.38 1.40 -1.40 -1.93 0.40 1.27 2.47 -0.19 0.63 2.17
Minnesota 178.95 183  0.03 1.06 -0.76 0.06 -0.24 0.53 1.90 0.61 -0.03 -0.34
Mississippi 192.59 4 725 -4.35 1898  29.60 -15.22 4.18 1.61 11.19 12.37 -8.44
Missouri 220.73 22 0.29 0.62 4.47 -0.13 -3.79 1.38 9.26 2.56 -3.33 -2.98

(Table continues)
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Table 13 (continued)

Target [Bias = FPE mean — target mean] [Bias = NAEP-like mean — target mean]
State” mean N  Average Repl Rep2 Rep3 Rep4 Average Repl Rep2 Rep3 Rep4
Nevada 181.26 327 0.23 -0.58 1.44 0.63 -0.59 1.12 0.97 1.39 1.51 0.60

New Hampshire 205.22 54 -0.12 2.49 0.00 -0.57 -2.40 0.72 4.87 0.56 -1.89 -0.69
New Jersey 187.20 72 -1.04 3.47 -0.89 -2.95 -3.79 -0.45 3.54 1.13 -4.07 -2.41
New Mexico 185.65 575 -0.15 -0.35 0.15 -0.33 -0.08 0.25 0.05 0.63 -0.09 0.41
New York 19450 123  -0.30 -4.29 -2.24 4.17 1.18 -0.09 -3.33 0.69 4.39 -2.13
North Carolina 204.67 147 -1.34 -2.33 -1.41 -1.59 -0.03 -0.23 -1.27 -0.42 -0.22 1.01
North Dakota ~ 189.75 70 -0.12 -0.26 0.26 0.18 -0.65 0.13 0.00 0.68 0.65 -0.82
Ohio 208.11 44  -2.57 3.25 -10.05 -5.79 2.29 -1.30 0.12 -8.62 0.81 2.50
Oregon 188.18 272 -0.52 -1.57 -0.27 -0.58 0.33 0.80 0.37 1.69 0.17 0.98
Rhode Island  177.85 167  0.08 0.37 -0.04 -0.04 0.04 -0.02 0.17 -0.05 -0.08 -0.12
South Carolina  185.06 30 037 -3.62 6.62 3.01 -4.52 1.78 1.26 9.23 6.10 -9.45

Tennessee 203.89 37 -1.67 3.52 -2.93 -3.16 -4.10 0.21 4.69 -0.23 -1.91 -1.70
Texas 189.69 562 041 1.37 -0.11 -1.87 2.25 1.02 1.93 0.31 -0.87 2.69
Utah 193.49 275 -0.28 -0.69 -0.06 -1.11 0.74 0.60 -0.11 1.03 -0.07 1.54
Vermont 214.87 28 -2.27 -3.41 -2.16 1.05 -4.57 -2.07 -4.13 -3.42 0.74 -1.47
Virginia 204.25 114 -1.16 -2.66 1.23 -0.99 -2.21 1.86 0.19 7.27 2.03 -2.05

Washington 187.17 186 -0.61 -0.59 0.11 -1.07 -0.88 0.55 0.67 1.44 0.45 -0.36
Wisconsin 201.62 115 -0.66 -4.05 1.75 -0.22 -0.13 -0.04 -3.24 1.17 0.78 1.12
Wyoming 198.45 86 -0.31 -0.82 0.83 -0.72 -0.53 -0.18 -0.66 0.67 -0.45 -0.28

Note. T = not applicable. The ELL-only category includes students classified as ELL-only. FPE = full-population estimation. N =
number of students. Rep = replicate. SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for
Education Statistics, National Assessment of Educational Progress (NAEP), 2003 Reading Assessment. Authors’ calculations.

*Forty-two states with the state achievement test score as a school-level sampling variable were included in the study.
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Table 14

Variance Components for Target Data and Differences in Variance Components Between FPE and Target, for SD-All Students,

Reading, Grade 4, by State: 2003

[FPE variance components — target variance components]

Target variance Replicate 1 Replicate 2 Replicate 3 Replicate 4

State” Total Meas Samp Total Meas Samp Total Meas Samp Total Meas Samp Total Meas Samp
Alabama 12.42 222 10.20 0.73 2.87 -2.13 1.32 0.56 0.76 452 259 1.93 561 4.18 143
Alaska 12.08 4.13 7095 0.81 2.76 -1.95 2.67 279 -0.11 -0.23 -042 0.19 3.09 394 -0.85
Arizona 16.35 5.86 10.49 498 520 -0.22 -2.99 -334 0.35 2.13 046 1.67 745 6.79 0.66
Arkansas 18.20 2.82 15.38 4.78 5.15 -0.36 -1.74 0.56 -2.30 -1.25 2.56 -3.81 267 638 -3.71
California 568 053 515 1.81 137 0.44 -1.26 0.12 -1.38 3.59 2.63 0.96 1.66 0.68 0.99
Colorado 873 220 6.53 -135 -0.84 -0.51 342 451 -1.09 243 2.03 040 1.74 1.64 0.09
Connecticut  10.57 0.89  9.68 3.54 3.78 -0.24 -1.40 0.10 -1.50 -0.47 -0.14 -0.33 -0.27 1.04 -1.31
Delaware 12.28 1.53 10.75 -3.28 2.07 -5.35 -3.37 230 -5.67 3.83 526 -1.43 0.64 -097 1.61
Florida 554 036 518 -0.26 0.10 -0.36 -1.04 -0.15 -0.89 -1.05 -0.18 -0.87 0.53 036 0.18
Georgia 739 0.82 6.57 195 2.13 -0.18 346 1.88 1.57 098 132 -0.35 0.80 0.83 -0.03
Hawaii 747 217  5.30 4.03 325 0.78 3.60 245 1.15 0.20 -0.88 1.07 234 229 0.05
Idaho 6.72 159 513 3.88 3.08 0.80 037 -0.19 0.56 334 226 1.08 0.25 130 -1.05
Ilinois 1459 1.52 13.08 -0.60 1.80 -2.40 -2.75 091 -3.65 -3.02 0.31 -3.33 0.78 224 -1.46
Indiana 966 196 7.70 034 1.77 -143 0.52 -1.69 221 3.65 4.04 -0.40 0.71 1.64 -0.93
Kansas 6.83 0.19 6.64 2.00 2.28 -0.28 1.72 125 048 033 091 -0.59 2.14 1.16 0.98
Louisiana 10.09 0.64 944 -0.54 2.14 -2.68 -091 235 -3.26 -0.42 0.06 -0.48 1.29 099 0.30
Maine 432 1.12  3.20 0.84 -0.06 0.90 2.70 253 0.17 1.92 223 -031 042 0.53 -0.11
Maryland 14.48 2.50 11.99 2.11 450 -2.39 2.78 254 0.25 2.87 3.75 -0.88 0.09 1.68 -1.59
Massachusetts 4.67 0.89 3.78 -0.26 -0.49 0.23 141 048 0.94 098 1.13 -0.15 -0.96 0.02 -0.98
Michigan 19.49 091 18.58 -1.65 121 -2.86 692 3.09 3.82 851 0.43 8.09 -1.43  4.61 -6.04
Minnesota 421 0.17 4.04 -0.05 -0.08 0.03 299 214 0.85 0.74 -0.10 0.84 0.20 0.59 -0.38
Mississippi~~ 12.80 299 9.80 27.87 2692 0.95 29.86 23.51 6.35 9.04 6.48 256 22.74 14.57 8.17
Missouri 10.87 0.70 10.16 040 293 -2.54 142 082 0.61 1.19 1.65 -045 -0.51 0.21 -0.73

(Table continues)
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Table 14 (continued)

[FPE variance components — target variance components]

Target variance Replicate 1 Replicate 2 Replicate 3 Replicate 4

State” Total Meas Samp Total Meas Samp Total Meas Samp Total Meas Samp Total Meas Samp
Nevada 13.22 138 11.84 439 147 292 329 6.15 -285 466 653 -1.87 10.02 8.05 197
New Hampshire 6.06 0.78 527 0.87 093 -0.06 001 085 -084 159 1.19 040 -036 0.79 -l1.16
New Jersey 6.70 0.22 648 1.39 062 077 135 091 044 -0.19 0.72 -091 0.01 0.16 -0.15
New Mexico 11.68 088 10.79 -0.32 0.81 -1.13 -134 026 -1.60 -0.65 211 -2.76 -1.62 1.17 -2.79
New York 6.62 032 6.30 099 0.85 0.13 087 222 -135 -0.07 050 -0.57 205 233 -0.28
North Carolina 6.66 1.02 564 -073 065 -138 281 1.66 1.15 1.58 199 -041 -1.16 -0.49 -0.67
North Dakota 577 236 3.40 357 236 121 099 083 0.15 034 053 -0.19 1.04 1.73 -0.69
Ohio 1519 1.72 1347 -513 128 -641 230 489 -259 228 559 -331 -0.81 144 -225
Oregon 743 147 597 144 242 -098 263 094 170 -0.52 0.17 -0.69 121 2.09 -0.88
Rhode Island 6.59 028 6.32 040 1.64 -124 -087 032 -1.19 -0.60 0.56 -1.16 -0.67 -0.03 -0.64
South Carolina 864 069 795 -076 1.67 -243 270 343 -0.74 -0.74 1.68 -2.42 121 427 -3.06
Tennessee 22.04 1.10 2094 -1.17 -0.67 -0.50 -525 022 -548 235 235 0.00 1.77 2.00 -0.23
Texas 11.10 253 857 -352 -0.07 -345 -1.03 -1.76 0.73 561 426 135 636 521 1.14
Utah 579 128 451 -088 024 -1.12 093 029 0.64 -0.09 023 -032 096 0.05 091
Vermont 6.81 0.85 596 478 2.09 269 008 125 -1.17 -048 1.69 -2.17 418 4.80 -0.62
Virginia 17.72  3.05 14.67 332 -1.14 446 256 126 129 252 631 -3.79 -575 -0.16 -5.59
Washington 585 0.10 576 -050 147 -197 1.84 2.09 -0.25 1.10 227 -1.17 3.05 231 0.75
Wisconsin 922 232 690 275 355 -0.80 392 470 -0.78 132 0.78 053 0.54 -0.78 1.32
Wyoming 394 048 346 -0.68 -0.12 -0.56 1.01 0.86 0.15 1.75 1.14 0.61 141 1.56 -0.15

Note. The SD-all category includes students classified as SD and students classified as both SD and ELL. FPE = full-population

estimation. Meas = measurement variance. Samp = sampling variance. SOURCE: U.S. Department of Education, Institute of

Education Sciences, National Center for Education Statistics, National Assessment of Educational Progress (NAEP), 2003 Reading

Assessment. Authors’ calculations.

*Forty-two states with the state achievement test score as a school-level sampling variable were included in the study.
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Table 15

Variance Components for Target Data and Differences in Variance Components Between FPE and Target, for ELL-Only
Students, Reading, Grade 4, by State: 2003

[FPE variance components — target variance components]

Target variance Replicate 1 Replicate 2 Replicate 3 Replicate 4

State” Total Meas Samp Total Meas Samp Total Meas Samp Total Meas Samp Total Meas Samp
Alabama 93.58 7.76 85.82 -3.07 14.34 -17.42 -18.39 13.69 -32.08 20.62 61.05 -40.43 63.55 48.54 15.01
Alaska 22.41 4.02 1840 -030 -0.50 021 0.19 0.08 0.11 -058 022 -080 -0.20 047 -0.67
Arizona 6.24 052 572 -0.17 -0.03 -0.14 176 101 075 -0.13 022 -036 026 129 -1.03
Arkansas 18.04 8.66 938 -582 -462 -1.21 566 627 -061 -022 208 -230 14.09 1046 3.64
California 225 055 170 0.04 0.18 -0.14 045 0.65 -020 041 040 0.01 034 0.19 0.14
Colorado 738 142 596 218 189 029 146 140 007 040 032 0.08 048 -0.76 1.24
Connecticut 2222 574 1649 32.06 2479 7.27 1337 1329 0.08 3440 2659 7.81 4.68 -1.19 587
Delaware 31.56 3.62 27.94 -1233 0.69 -13.02 1.23 1034 -9.10 5140 49.65 1.75 513 192 3.21
Florida 957 145 812 064 080 -0.16 031 068 -037 174 235 -0.60 -2.13 046 -2.60
Georgia 4457 2.14 4243 412 415 -0.02 1593 6.05 9.89 1533 234 1299 -1497 7.63 -22.61
Hawaii 33.73 8.46 2528 23.75 11.27 1248 -546 223 -7.69 -6.86 243 -929 -7.69 1.15 -8.83
Idaho 12.11 2.01 10.10 -1.18 -0.95 -0.23 -042 1.02 -144 038 054 -0.16 198 371 -1.73
Ilinois 11.21 140 981 -1.13 1.13 -226 -2.62 0.63 -325 -043 266 -3.09 -125 122 -247
Indiana 4225 7.07 35.17 686 -2.58 944 -135 19.68 -21.03 20.13 6.68 13.46 -3.55 562 -9.17
Kansas 27.08 2.82 2427 740 634 1.06 -1.26 222 -348 1557 20.17 -4.60 -1.54 -1.74 0.19
Louisiana 237.5743.99 193.58 1241 11.80 0.61 100.05 -30.91 -69.14 78.59 55.14 23.45 -24.18 [34.44 [58.62
Maine 60.01 9.00 51.01 7.00 0.04 695 -7.09 -2.13 -496 -7.10 1.13 -8.23 -17.19 -2.07 -15.12
Maryland 79.61 4.87 74.74 -2991 1192 -41.83 -3.75 27.89 -31.65 -9.39 -0.94 -8.46 -29.88 12.25 -42.13
Massachusetts 14.08 5.86 822 9.10 639 271 0.78 158 -0.79 2.19 0.06 2.13 0.16 -348 3.64
Michigan 49.44 440 45.03 -6.12 826 -1438 1841 531 13.10 -8.18 127 -945 436 722 -2.86
Minnesota 7.16 093 623 070 -053 122 008 -035 043 137 079 058 030 1.11 -0.81
Mississippi ~ 382.21114.33 267.88 14.50 1.43 13.07 266.88 -27.18 239.69 53.58 284.84 131.25 196.50 )58.11 138.39
Missouri 56.4917.34 39.15 0.82 584 -5.02 40.13 4443 -430 44.15 18.46 25.69 17.15 37.59 -20.43

(Table continues)
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Table 15 (continued)

[FPE variance components — target variance components]

Target variance Replicate 1 Replicate 2 Replicate 3 Replicate 4
State” Total Meas Samp Total Meas Samp Total Meas Samp Total Meas Samp Total Meas Samp
Nevada 1532  3.09 1223 -3.77 -1.71 -2.06 -6.19 -196 -422 -192 -0.80 -1.12 332 341 -0.09
New Hampshire 31.13 11.64 19.50 -4.12 148 -559 -726 1.02 -828 -1.07 -472 3.65 095 -574 6.69
New Jersey 2096 0.82 20.15 341 1.80 1.61 1331 12.01 130 -1.53 241 -394 1254 1494 -2.40
New Mexico 824 1.72 6.52 -1.50 -0.06 -1.43 -222 -092 -130 -1.54 -1.09 -046 -0.79 -0.34 -0.45
New York 2131  3.74 17.57 036 593 -557 1642 1785 -143 7.85 925 -139 13.73 15.19 -1.46

North Carolina  19.02 446 1456 324 830 -506 -193 -3.18 125 595 937 -342 032 790 -7.58
North Dakota 2099 464 1635 563 1.17 446 3.15 1.78 137 567 262 3.05 139 154 -0.16
Ohio 126.04 51.79 74.25 3730 25.67 11.63 77.27 01.78 2452 1851 821 1030 76.28 -40.38 -35.90
Oregon 735 1.09 627 1.14 184 -0.70 -1.10 096 -2.06 -1.24 031 -1.55 1.71 0.67 1.03
Rhode Island 2343 332 20.11 -1.74 -1.03 -0.72 200 7.15 -5.14 541 257 284 -502 1.67 -6.69
South Carolina  59.66 11.80 47.87 15.70 27.62 -11.91 85.07 3252 52.55 19.72 893 10.79 882 16.70 -7.87

Tennessee 76.51 13.18 63.33 49.35 28.28 21.08 14.19 24.82 -10.63 -19.27 -2.59 -16.68 13.05 7.82 -20.87
Texas 850 1.13 737 -148 096 -245 -0.63 035 -098 -1.02 0.61 -1.63 131 336 -2.05
Utah 9.19 0.69 850 -094 123 -2.17 232 -002 234 584 026 559 -0.85 -045 -0.40
Vermont 80.93 1.82 79.11 15.21 13.04 -28.25 -7.36 10.38 -17.74 353 9.08 -5.56 1336 544 793
Virginia 21.08 6.82 1426 -6.72 157 -829 -475 -295 -180 530 6.01 -0.72 7.65 725 040
Washington 798 215 583 102 183 -0.80 821 747 0.74 149 020 129 124 197 -0.73
Wisconsin 2426 10.14 14.12 6.67 543 123 647 879 -232 834 1573 -7.39 -2.73 -5.73 3.00
Wyoming 1270 424 846 190 0.1 179 557 586 -028 193 0.0l 1.92 -125 -132 0.07

Note. The ELL-only category includes students classified as English language learners (ELL) only. FPE = full-population estimation.
Meas = measurement variance. Samp = sampling variance. Table entries for Louisiana and Mississippi are exceptionally large due to
small sample fluctuations. SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education
Statistics, National Assessment of Educational Progress (NAEP), 2003 Reading Assessment. Authors’ calculations.

*Forty-two states with the state achievement test score as a school-level sampling variable were included in the study.
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Table 16
Differences Between FPE MSE and Target Variance and Differences Between NAEP-Like MSE and Target Variance, for SD-All
Students, Reading, Grade 4, by State: 2003

Target [MSE (FPE) — variance (target)] [MSE (NAEP-like) — variance (target)]
State® variance N  Average Rep 1 Rep 2 Rep 3 Rep4 Average Repl Rep 2 Rep3 Rep 4
Average T T 3.17 3.77 3.11 291 2.87 7.20 9.10 6.32 7.39 5.99
Alabama 12.42 333 3.46 0.74 1.32 4.98 6.82 5.73 2.53 6.66 9.39 4.33
Alaska 12.08 387 2.06 0.87 2.68 0.92 3.75 0.81 -0.81 1.54 1.11 1.41
Arizona 16.35 238 3.32 5.21 -2.67 2.25 8.48 13.80 13.02 8.93 14.79 18.45
Arkansas 18.20 266 1.50 4.89 -1.50 -0.08 2.67 7.70 10.48 5.17 7.90 7.23
California 5.68 716 2.20 2.40 -1.06 4.03 3.43 3.09 2.23 1.59 3.42 5.12
Colorado 8.73 313 2.15 -1.16 3.45 291 341 2.45 2.44 2.07 3.16 2.12
Connecticut 10.57 292 1.96 4.62 -1.38 1.46 3.14 5.33 14.71 4.80 1.37 0.43
Delaware 12.28 207 8.10 18.14 -2.92 16.52 0.64 23.19 45.05 15.92 17.09 14.70
Florida 5.54 492 0.07 0.95 -0.95 -1.04 1.30 1.62 0.96 1.11 2.17 2.24
Georgia 7.39 481 2.41 3.56 3.52 1.63 0.95 4.39 0.25 8.32 5.69 3.28
Hawaii 7.47 328 2.90 4.04 4.96 0.27 2.34 3.73 3.21 1.33 7.30 3.07
Idaho 6.72 317 3.55 4.29 4.98 4.60 0.33 4.26 3.43 2.58 8.02 3.00
Ilinois 14.59 530  -0.85 0.11 -2.20 -2.17 0.84 8.13 11.25 4.94 12.75 3.60
Indiana 9.66 360 1.67 1.09 0.71 3.70 1.20 4.00 2.96 5.99 5.51 1.53
Kansas 6.83 330 1.92 2.49 2.49 0.36 2.33 2.90 6.23 1.57 1.16 2.62
Louisiana 10.09 428 0.22 -0.30 -0.79 0.64 1.32 2.00 2.57 2.43 1.77 1.23
Maine 4.32 321 4.29 6.91 3.91 5.85 0.50 7.59 21.95 3.54 3.81 1.05
Maryland 14.48 252 6.18 5.82 14.32 341 1.16 12.50 5.02 5.59 23.43 15.98
Massachusetts 4.67 668 0.51 0.27 1.53 1.09 -0.86 1.41 2.13 2.58 0.89 0.03
Michigan 19.49 180 8.50 7.35 17.87 9.96 -1.19 21.57 11.13 8.86 59.15 7.12
Minnesota 4.21 370 2.00 0.65 3.31 1.61 242 4.19 1.97 2.30 2.13 10.36
Mississippi 12.80 140 33.36 44.99 42.28 17.98 28.18 40.42 90.56 58.89 0.91 11.33
Missouri 10.87 318 2.19 4.28 3.01 1.28 0.18 8.35 -0.16 7.08 16.93 9.57

(Table continues)
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Table 16 (continued)

Target [MSE (FPE) — variance (target)] [MSE (NAEP-like) — variance (target)]
State” variance N Average Repl Rep2 Rep3 Rep4 Average Repl Rep2 Rep3  Rep4
Nevada 13.22 263 5.95 4.71 3.71 4.76 10.63 15.36 15.92 5.85 17.71 21.98
New Hampshire  6.06 451 0.60 0.92 0.06 1.59 -0.18 0.97 1.22 -0.78 1.91 1.54
New Jersey 6.70 359 1.69 3.04 1.83 -0.10 1.99 2.75 0.73 6.17 2.09 2.02
New Mexico 11.68 412 -0.26 1.11 -1.05 -0.30 -0.81 2.71 2.08 4.49 491 -0.65
New York 6.62 437 1.27 1.20 0.98 0.73 2.15 3.28 2.23 5.60 2.39 291

North Carolina 6.66 567 1.15 -0.49 2.82 2.28 0.00 3.40 5.68 7.21 1.50 -0.80
North Dakota 5.77 332 2.62 4.10 1.70 3.05 1.63 2.41 3.47 1.70 0.33 4.14
Ohio 15.19 295 3.71 -2.20 2.41 2.33 12.31 9.12 7.94 9.19 5.10 14.25
Oregon 7.43 344 2.20 1.72 2.79 1.82 2.47 5.21 1.93 7.66 7.34 3.91
Rhode Island 6.59 518 0.06 0.88 -0.84 0.85 -0.66 0.94 1.25 1.56 0.36 0.61
South Carolina 8.64 337 2.73 2.89 3.18 3.18 1.67 3.34 4.09 5.20 0.03 4.05

Tennessee 22.04 352 0.72 1.74 -4.19 3.48 1.83 3.48 -0.04 -3.00 11.26 5.70
Texas 11.10 434 2.73 -2.12 -1.01 5.61 8.46 7.60 6.06 4.14 5.30 14.88
Utah 5.79 389 0.97 -0.81 2.67 0.09 1.91 4.14 4.64 2.81 6.44 2.66
Vermont 6.81 300 2.24 4.86 0.14 -0.33 4.27 4.92 7.81 7.47 -1.09 5.46
Virginia 17.72 207 3.47 6.72 6.81 6.09 -5.73 26.82 59.81 17.55 8.01 21.90
Washington 5.85 353 3.75 4.73 5.51 1.33 342 8.92 0.22 14.22 17.21 4.05
Wisconsin 9.22 300 2.62 3.40 5.11 1.43 0.55 6.38 4.34 2.71 7.32 11.16
Wyoming 3.94 350 1.15 -0.10 1.02 2.20 1.49 1.56 -0.09 1.82 2.39 2.12

Note. i = not applicable. The SD-all category includes students classified as SD and students classified as both SD and ELL.

FPE = full-population estimation. MSE = mean square error. N = number of students. Rep = replicate. Table entries for Mississippi are
exceptionally large due to small sample fluctuations. SOURCE: U.S. Department of Education, Institute of Education Sciences,
National Center for Education Statistics, National Assessment of Educational Progress (NAEP), 2003 Reading Assessment. Authors’
calculations.

*Forty-two states with the state achievement test score as a school-level sampling variable were included in the study.
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Table 17
Differences Between FPE MSE and Target Variance and Differences Between NAEP-Like MSE and Target Variance, for ELL-
Only Students, Reading, Grade 4, by State: 2003

Target [MSE (FPE) — variance (target)] [MSE (NAEP-like) — variance (target)]
State® variance N Average Repl Rep2 Rep3 Rep4 Average Repl Rep2 Rep3 Rep4
Average T T 3282 1059 1343 3496 7230 3037 2535 1677 27.63 51.72
Alabama 93.58 14 58.89 32.72 2938 4720 12625 93.64 449 149.24 126.14 94.68
Alaska 22.41 310 -0.05 0.13 0.19 -0.58 0.04 1.06 0.50 0.20 1.35 2.20
Arizona 6.24 595 0.79 0.05 2.27 0.33 0.49 0.84 0.67 1.28 0.20 1.18
Arkansas 18.04 60 8.17 -5.79 6.03 14.31 18.12  11.51 8.69 8.82 1691 11.61
California 225 2,712 0.44 0.05 0.82 0.53 0.35 0.16 -0.02 0.36 0.03 0.24
Colorado 7.38 201 2.00 2.60 1.89 0.55 297 1.78 1.33 0.38 3.41 1.99
Connecticut 22.22 49  31.13 46.64 1342 4829 16.18 33.71 2351 2690 25.65 58.78
Delaware 31.56 36 2449 1542 485 6560 12.09 5054 60.66 22.16 72.56  46.79
Florida 9.57 257 1.70 0.66 2.59 3.21 0.34 3.77 4.17 5.96 4.89 0.07
Georgia 44.57 99 7.35 515 1649 1847 -10.72 5.05 7.90  20.26 -0.18 -7.80
Hawaii 33.73 142 6.55  25.53 -3.14  -6.84 10.66 3.31 14.23 1.38 -4.71 2.35
Idaho 12.11 171 0.45 -1.14 -0.19 1.03 2.08 1.64 3.04 0.13 2.82 0.56
Ilinois 11.21 341 -0.42 -1.12 -0.62 0.85 -0.78 0.70 5.27 -0.55 -1.85 -0.07
Indiana 42.25 47 8.96 6.95 232 23.69 286 1599 18.12  20.09 17.90 7.83
Kansas 27.08 60 10.16 9.08 6.33  20.02 523  13.51 7.59 13.89 1939 13.19
Louisiana 237.57 18 2588 5559 -89.47 8281 5459 153.65 250.16 168.44 11948 76.54
Maine 60.01 18 7.54 736  20.16 6.86 -4.23 7.29 6.62 12.11 9.70 0.72
Maryland 79.61 70 -6.93  -12.47 -1.14 1575 -29.86 31.89 3143 1543 83.34 -2.66
Massachusetts 14.08 217 523 1523 1.51 2.20 1.97 4.52 5.11 0.26 6.51 6.20
Michigan 49.44 130 4.07 -4.17  20.37 -4.45 4.52 7.01 6.93 5.03 444  11.65
Minnesota 7.16 183 1.05 1.81 0.66 1.37 0.36 1.28 3.68 0.16 -0.44 1.71
Mississippi 382.21 4 946.14 3339 93.18 929.93 728.05 418.88 172.21 237.82 321.22 41991
Missouri 56.49 22 3424 1.21  60.11 4417 3149 76.40 118.07 83.40 96.10 8.02

(Table continues)
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Table 17 (continued)

Target [MSE (FPE) — variance (target)] [MSE (NAEP-like) — variance (target)]
State” variance N  Average Repl Rep2 Rep3 Rep4 Average Repl Rep2 Rep3 Rep4
Nevada 15.32 327 -135 344 410 -1.52 3.67 2.76 442  -1.50 243 5.69
New Hampshire ~ 31.13 54 0.20 208 -726  -0.75 6.72 12.77 2566  -729 1521 17.50
New Jersey 20.96 72 1591 1546 14.10 7.17  26.89 1757 1822 19.79 1924  13.02
New Mexico 8.24 575 -145  -138 220 -144  -0.78 0.36 1.15  -0.53 1.35  -0.53
New York 21.31 123 20.13 18.73 2146 2522 15.12 1991 1440 13.05 3330 1891
North Carolina 19.02 147 4.39 8.69 0.07 8.48 0.32 2.74 3.15  -0.50 8.68  -0.37
North Dakota 20.99 70 4.11 5.70 3.21 5.70 1.81 1.83 0.39 1.93 2.61 2.37
Ohio 126.04 44 5179 4788 17826  52.06 -71.03 127.55 178.12 120.89 36.84 174.35
Oregon 7.35 272 0.87 3.61 -1.03 -0.90 1.81 2.74 3.81 3.16 0.89 3.11
Rhode Island 23.43 167 020  -1.60 2.01 5.41 -5.02  -1.62 -0.19 -054 -043 -532
South Carolina 59.66 30 5391 28.83 12886 28.75 2922  77.40 0.11 13599 8499  88.52
Tennessee 76.51 37 19.74  61.72 2277  -9.29 3.78 429 4421 -3.34  -13.47  -10.22
Texas 8.50 562 2.15 040  -0.61 2.47 6.35 4.89 6.18 0.55 1.84  10.99
Utah 9.19 275 2,15  -047 2.32 7.07  -0.31 1.93 0.12 3.91 1.99 1.71
Vermont 80.93 28 8.15  -3.55 271 462 3423 2508 -1045 2135 21.03 68.38
Virginia 21.08 114 3.99 036  -3.25 6.29 12.54 21.81 -541 5796  13.16  21.52
Washington 7.98 186 3.56 1.37 8.22 2.64 2.02 2.48 0.71 4.98 241 1.83
Wisconsin 24.26 115 9.57  23.07 9.54 839 271 10.64 23.02 16.03 -0.94 4.45
Wyoming 12.70 86 2.58 2.56 6.26 245  -0.97 2.11 2.62 0.75 4.36 0.70

Note. T = not applicable. The ELL-only category includes students classified as ELL-only. FPE = full-population estimation. MSE =
mean square error. N = number of students. Rep = replicate. Table entries for Alabama, Louisiana, Mississippi, Ohio, and South
Carolina are exceptionally large due to small sample fluctuations. SOURCE: U.S. Department of Education, Institute of Education
Sciences, National Center for Education Statistics, National Assessment of Educational Progress (NAEP), 2003 Reading Assessment.
Authors’ calculations.

*Forty-two states with the state achievement test score as a school-level sampling variable were included in the study.
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Table 18
Bias in FPE Mean and NAEP-Like Mean for All Students, on NAEP Reporting Scale, Reading, Grade 4, by State: 2003

Target [Bias = FPE mean — target mean] [Bias = NAEP-like mean — target mean]|
State” mean N  Average Repl Rep2 Rep3 Rep4 Average Repl Rep2 Rep3 Rep4
Average T T -0.03 -0.03 -0.03 -0.04  -0.02 1.22 1.23 1.22 1.23 1.21
Alabama 207.08 3495 0.04 -0.02 -0.02 0.05 0.14 0.96 0.89 0.90 1.07 0.96
Alaska 211.55 2,712 -0.07 0.05 0.00 -0.14  -0.18 0.89 1.02 0.82 0.92 0.80
Arizona 208.87 3,776  -0.08 -0.10  -0.15 -0.08 0.01 1.60 1.46 1.52 1.61 1.79
Arkansas 213.62 3,162 -0.07  -0.03 -0.03 -0.17  -0.04 1.56 1.64 1.55 1.49 1.56
California 205.63 8,297  0.09 0.04 0.20  -0.03 0.14 1.11 0.98 1.18 1.12 1.18
Colorado 223.66 3,466 -0.04 0.00  -0.03 0.09 -0.22 1.03 1.08 0.98 1.15 0.91
Connecticut 228.34 3,207 -0.09 0.04 0.01 -0.18 -0.22 1.22 1.35 1.32 1.15 1.08
Delaware 223.93 2,959  0.02 0.39 0.02 -0.29  -0.03 0.89 1.15 0.90 0.74 0.78
Florida 218.01 3,502 0.01 -0.14 0.07 0.10 0.01 1.15 1.05 1.26 1.24 1.06
Georgia 213.60 5353  0.02  -0.15 0.01 0.12 0.08 0.96 0.86 1.00 1.03 0.95
Hawaii 208.26 3,493 -0.09  -0.05 -0.17 0.03 -0.18 1.31 1.39 1.23 1.40 1.22
Idaho 218.26 3,262 -0.03 0.07 -0.24 0.07  -0.01 1.19 1.24 1.08 1.27 1.16
Ilinois 216.30 4,864  0.00 0.09  -0.15 0.05 0.00 1.76 1.88 1.69 1.89 1.58
Indiana 220.41 3,624  0.03 0.08 0.02 0.05 -0.03 1.01 1.01 0.94 1.10 1.00
Kansas 220.14 3,020  0.00 0.05 -0.04  -0.02 0.00 0.93 0.96 0.90 0.92 0.96
Louisiana 204.73 2,864 -0.01 -0.03 -0.08 0.17  -0.09 1.35 1.28 1.42 1.48 1.20
Maine 223.86 2,735  -0.02 0.31 -0.18 -0.22  -0.01 1.31 1.61 1.29 1.06 1.28
Maryland 218.67 3,431 -0.07 -0.23 -0.29 0.16 0.08 1.13 1.03 0.92 1.30 1.26
Massachusetts ~ 227.60 4,396  0.10 0.18 0.08 0.05 0.09 1.14 1.30 1.06 1.05 1.14
Michigan 218.79 3,675 -0.08  -0.11 -0.22 0.00  -0.01 0.96 0.90 0.90 1.08 0.97
Minnesota 222.61 3,407 -0.02 -0.04 -0.10 -0.10 0.15 1.29 1.29 1.26 1.24 1.35
Mississippi 205.46 3,269  0.03 0.17 0.17  -0.10 -0.12 0.42 0.52 0.49 0.32 0.34
Missouri 222.26 3,347 -0.06 -0.19  -0.09  -0.03 0.05 1.13 1.06 1.09 1.22 1.13

(Table continues)
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Table 18 (continued)

Target [Bias = FPE mean — target mean] [Bias = NAEP-like mean — target mean]|
State” mean N  Average Repl Rep2 Rep3 Rep4 Average Repl Rep2 Rep3 Rep4
Nevada 206.96 3,108  0.03 -0.11 0.20 0.04 0.01 2.12 2.14 2.06 2.13 2.14
New Hampshire 227.79 3,182  0.01 0.07  -0.03 -0.01 0.02 1.11 1.22 1.09 1.03 1.09
New Jersey 225.07 3,497 -0.08 -0.06 0.05 -0.09 -0.22 1.06 1.08 1.17 1.02 0.97
New Mexico 203.19 2,787 -0.07  -0.25 0.11 0.02  -0.15 1.45 1.33 1.62 1.49 1.36
New York 222.19 4,325 -0.04 -0.16 -0.03 0.03 0.00 1.21 1.07 1.34 1.29 1.15
North Carolina  221.22 4810 -0.08 -0.01 -0.04 -0.14  -0.12 1.13 1.18 1.18 1.07 1.07
North Dakota 221.64 2,922 -0.07 -0.09 -0.09 -0.18 0.07 0.95 0.93 0.97 0.89 1.02
Ohio 221.87 4,631  0.08 0.14  -0.07 -0.01 0.27 1.70 1.69 1.59 1.70 1.84
Oregon 217.61 3,176  -0.06  -0.18  -0.07 0.12 -0.10 1.82 1.73 1.88 1.83 1.85
Rhode Island 216.49 3,162 -0.07  -0.09 0.03 -0.20  -0.01 1.27 1.26 1.37 1.16 1.29
South Carolina  214.81 3,403 -0.12 -0.22  -0.01 -0.16  -0.11 0.99 1.02 1.02 0.93 0.98
Tennessee 211.95 3,533 -0.12  -0.13 -0.13 -0.14  -0.07 0.92 0.90 0.87 1.00 0.92
Texas 214.81 5,067  0.09 022 -0.02 -0.19 0.33 2.00 2.07 1.93 1.88 2.12
Utah 219.27 3,668 -0.08 -0.08 -0.14 -0.04 -0.05 1.39 1.33 1.39 1.43 1.40
Vermont 226.12 2,734 -0.06 -0.07 -0.05 -0.03 -0.09 1.01 0.99 1.09 0.95 1.02
Virginia 223.34 3,308 -0.07 0.03 -0.09 -0.16  -0.07 1.17 1.29 1.19 1.06 1.15
Washington 221.10 3,635 -0.02 -0.26 0.19 -0.01 0.01 1.40 1.27 1.53 1.56 1.24
Wisconsin 220.83 3,048 -0.07 -0.23 -0.04 0.03 -0.01 1.48 1.36 1.47 1.51 1.60
Wyoming 222.08 2,716 -0.05 -0.13 0.04 -0.11 0.02 0.79 0.66 0.86 0.79 0.84

Note.{ = not applicable. FPE = full-population estimation. N = number of students. Rep = replicate. Detail may not sum to totals

because of rounding. SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education

Statistics, National Assessment of Educational Progress (NAEP), 2003 Reading Assessment. Authors’ calculations.

*Forty-two states with the state achievement test score as a school-level sampling variable were included in the study.
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Table 19

Variance Components for Target Data and Differences in Variance Components Between FPE and Target, for All Students,
Reading, Grade 4, by State: 2003

[FPE variance components — target variance components]

Target variance Replicate 1 Replicate 2 Replicate 3 Replicate 4

State” Total Meas Samp Total Meas Samp Total Meas Samp Total Meas Samp Total Meas Samp
Alabama 298 030 2.68 -0.09 0.02 -0.10 0.08 0.05 0.03 0.07 -0.01 0.08 0.14 0.08 0.06
Alaska 267 020 248 0.11 0.17 -0.06 -0.04 0.02 -0.06 0.05 0.01 0.04 0.15 0.08 0.08
Arizona 1.55 0.08 147 0.09 0.02 0.06 -0.02 -0.05 0.03 -0.05 -0.03 -0.02 -0.01 0.06 -0.07
Arkansas 191 007 1.84 0.04 0.06 -0.02 -0.12 0.00 -0.13 0.00 0.04 -0.04 -0.06 0.02 -0.08
California 1.55 020 135 0.09 0.11 -0.02 0.00 0.10 -0.09 0.05 0.06 -0.01 -0.07 0.00 -0.08
Colorado 149 024 125 -0.02 -0.02 0.00 0.11 0.14 -0.04 0.05 0.09 -0.04 0.11 0.02 0.09
Connecticut 1.20 0.13 1.07 -0.08 -0.06 -0.02 0.07 0.08 -0.01 0.07 0.07 0.00 -0.05 0.01 -0.06
Delaware 043 0.11 0.32 0.02 0.03 -0.01 0.00 0.02 -0.03 0.04 0.03 0.00 0.03 -0.03 0.06
Florida 1.31 001 130 0.00 0.01 -0.01 -0.02 -0.01 -0.02 -0.10 0.00 -0.11 0.04 0.04 0.01
Georgia 1.56 0.04 1.53 0.01 0.04 -0.02 0.01 -0.01 0.01 0.04 0.03 0.01 0.05 0.01 0.03
Hawaii 1.87 028 1.59 -0.01 -0.08 0.07 0.06 0.00 0.06 -0.05 0.01 -0.06 -0.07 -0.03 -0.04
Idaho 1.02 009 093 -0.04 0.03 -0.07 0.02 0.00 0.02 0.00 0.04 -0.04 0.06 0.05 0.01
Ilinois 248 003 244 -0.17 0.00 -0.17 -0.17 0.03 -0.19 -0.15 0.02 -0.17 -0.09 0.05 -0.14
Indiana 095 0.04 0091 0.02 0.02 0.00 -0.03 -0.01 -0.02 0.05 0.06 -0.01 -0.04 0.01 -0.06
Kansas 141 020 122 0.05 0.06 -0.01 -0.05 -0.02 -0.03 -0.08 -0.04 -0.04 0.05 0.07 -0.02
Louisiana 198 001 197 -0.02 0.05 -0.07 -0.04 0.02 -0.07 -0.01 0.02 -0.03 -0.02 0.04 -0.07
Maine 0.85 0.17 0.68 0.00 0.00 -0.01 0.07 0.12 -0.04 0.08 0.06 0.02 -0.04 0.02 -0.06
Maryland 198 0.19 1.79 -0.04 0.12 -0.16 -0.15 -0.02 -0.13 -0.02 0.05 -0.07 -0.05 0.08 -0.14
Massachusetts 1.49 0.18 132  -0.13 -0.07 -0.06 0.11 0.01 0.10 0.01 0.03 -0.02 -0.05 -0.04 -0.01
Michigan 140 0.11 1.29 -0.01 0.01 -0.02 0.05 0.02 0.03 0.04 0.05 -0.01 -0.09 -0.04 -0.05
Minnesota 1.21 023 098 -0.05 -0.06 0.01 0.04 -0.01 0.06 0.02 -0.01 0.02 0.04 0.07 -0.03
Mississippi 1.82 0.15 1.66 0.03 0.07 -0.04 -0.03 -0.04 0.01 0.07 0.06 0.00 0.02 0.04 -0.02
Missouri 1.37 005 132 -0.03 0.05 -0.07 -0.04 0.00 -0.04 -0.07 -0.03 -0.04 0.00 0.04 -0.04

(Table continues)
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Table 19 (continued)

[FPE variance components — target variance components]

Target variance Replicate 1 Replicate 2 Replicate 3 Replicate 4

State” Total Meas Samp Total Meas Samp Total Meas Samp Total Meas Samp Total Meas Samp
Nevada 1.54 0.06 147 0.08 0.05 003 -0.16 -0.01 -0.15 0.11 0.09 0.01 0.19 0.10 0.09
New Hampshire 097 0.11 086 -0.07 -0.04 -0.03 0.00 0.02 -0.02 -0.05 -0.02 -0.03 -0.03 0.02 -0.05
New Jersey 1.38 0.01 137 0.00 0.01 -0.02 0.00 0.01 -0.01 -0.01 0.01 -0.02 -0.06 0.00 -0.06
New Mexico 234 037 197 -0.10 0.13 -0.23 -036 -0.17 -0.18 0.22 042 -020 -0.33 -0.10 -0.22
New York 1.19 0.02 1.17 0.04 0.00 0.04 -0.02 0.02 -0.04 0.00 0.01 -0.01 0.09 0.03 0.06
North Carolina 1.04 0.11 093 0.03 0.04 -0.01 009 0.05 0.04 0.00 -0.04 004 0.07 0.05 0.02
North Dakota 0.72 0.04 068 0.00 -0.02 002 005 003 0.02 011 0.07 004 0.02 003 -0.01
Ohio 1.33 0.13 120 -0.08 0.01 -0.10 -0.01 0.07 -0.07 0.01 0.11 -0.10 -0.10 -0.02 -0.08
Oregon 1.69 021 147 0.07 -0.02 0.10 0.10 0.07 0.03 0.11 0.09 002 027 021 0.06
Rhode Island 1.74 0.06 1.67 -0.07 0.07 -0.15 -0.13 -0.03 -0.10 0.03 0.15 -0.12 -0.11 0.05 -0.16
South Carolina 1.65 0.11 154 -0.01 0.09 -0.10 0.06 0.07 -0.01 -0.06 0.06 -0.12 0.00 0.10 -0.10
Tennessee 256 0.04 252 004 000 0.04 -005 005 -0.10 -0.11 0.02 -0.13 -0.02 -0.01 -0.01
Texas 1.09 0.10 099 -0.03 0.03 -0.06 -0.04 -0.03 0.00 0.08 0.04 004 006 0.14 -0.08
Utah 1.04 0.10 094 0.04 0.06 -0.03 0.07 0.00 0.07 -0.09 -0.05 -0.04 0.10 0.00 0.10
Vermont 0.83 0.14 0.69 -0.05 -0.07 0.02 -0.02 -0.01 -0.01 0.04 0.12 -0.08 0.16 0.15 0.01
Virginia 224 0.06 2.18 0.04 0.01 0.03 -0.01 0.03 -0.04 -0.04 0.09 -0.13 -0.05 0.02 -0.07
Washington 1.26 0.09 1.17 -0.01 0.04 -0.05 -0.05 0.05 -0.10 0.01 0.04 -0.04 -0.02 -0.03 0.01
Wisconsin 0.72 0.03 0.68 -0.04 0.00 -0.05 0.00 0.03 -0.03 0.01 0.03 -0.02 0.00 -0.02 0.02
Wyoming 0.71 0.04 0.67 -0.02 -0.02 0.00 005 003 0.02 0.08 0.03 005 -0.01 0.00 -0.01

Note. FPE = full-population estimation. Meas = measurement variance. Samp = sampling variance. Detail may not sum to totals

because of rounding. SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education

Statistics, National Assessment of Educational Progress (NAEP), 2003 Reading Assessment. Authors’ calculations.

*Forty-two states with the state achievement test score as a school-level sampling variable were included in the study.
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Table 20

Differences Between FPE MSE and Target Variance and Differences Between NAEP-Like MSE and Target Variance, for All

Students, Reading, Grade 4, by State: 2003

Target [MSE (FPE) — variance (target)] [MSE (NAEP-like) — variance (target)]

State” variance N Average Repl Rep2 Rep3 Rep4 Average Repl Rep2 Rep3 Rep4
Average T T 0.02 0.01 0.00 0.03 0.02 1.57 1.56 1.57 1.59 1.55
Alabama 298 3,495 0.06 -0.08 0.08 0.07 0.16 0.84 0.64 0.83 1.00 0.91
Alaska 267 2,712 0.08 0.11 -0.04 0.07 0.19 0.81 0.92 0.82 0.76 0.74
Arizona 1.55 3,776  0.01 0.10 0.00 -0.04 -0.01 2.52 2.17 2.29 2.52 3.10
Arkansas 1.91 3,162 -0.03 0.05 -0.12 0.03  -0.06 2.36 2.57 2.27 2.27 2.32
California 1.55 8,297 0.03 0.09 0.04 0.05  -0.05 1.27 0.99 1.47 1.23 1.38
Colorado 149 3466 0.07 -0.02 0.11 0.05 0.15 1.07 1.13 0.98 1.30 0.87
Connecticut 1.20 3,207 0.02  -0.08 0.07 0.10 0.00 1.47 1.81 1.75 1.23 1.10
Delaware 043 2959 0.08 0.17 0.00 0.12 0.03 0.81 1.29 0.78 0.57 0.60
Florida 1.31 3,502 -0.01 0.02 -0.02 -0.09 0.04 1.36 1.19 1.58 1.48 1.17
Georgia 1.56 5,353 0.04 0.04 0.01 0.06 0.05 0.94 0.71 1.07 1.09 0.88
Hawaii 1.87 3,493 0.00 -0.01 0.09 -0.05 -0.04 1.58 1.70 1.43 1.82 1.37
Idaho 1.02 3,262 0.03 -0.04 0.07 0.01 0.06 1.40 1.46 1.22 1.62 1.29
Ilinois 248 4864 -0.14 -0.16 -0.14 -0.15 -0.09 2.87 3.26 2.61 3.34 2.24
Indiana 095 3,624 0.00 0.03  -0.03 0.05  -0.04 1.04 1.07 0.87 1.24 0.97
Kansas 141 3,020 -0.01 0.06 -0.05 -0.08 0.05 0.85 0.96 0.75 0.78 0.93
Louisiana 1.98 2,864 -0.01 -0.01 -0.04 0.02  -0.02 1.81 1.66 2.01 2.12 1.43
Maine 0.85 2,735 0.07 0.09 0.11 0.13  -0.04 1.76 2.53 1.66 1.20 1.64
Maryland 1.98 3,431 -0.03 0.01 -0.07 0.00  -0.05 1.21 0.95 0.82 1.67 1.40
Massachusetts  1.49 4396 0.00 -0.10 0.11 0.02  -0.04 1.30 1.63 1.22 1.17 1.19
Michigan 1.40 3,675 0.01 0.00 0.09 0.04 -0.09 0.94 0.85 0.75 1.22 0.94
Minnesota 1.21 3,407 0.03 -0.04 0.05 0.03 0.06 1.63 1.68 1.55 1.44 1.86
Mississippi 1.82 3,269 0.04 0.06 0.00 0.08 0.04 0.22 0.27 0.29 0.17 0.14
Missouri 1.37 3,347 -0.02 0.01 -0.03  -0.07 0.00 1.19 0.95 1.10 1.42 1.29

(Table continues)
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Table 19 (continued)

Target [MSE (FPE) — variance (target)] [MSE (NAEP-like) — variance (target)]
State” variance N verage Repl Rep2 Rep3 Rep4 Average Repl Rep2 Rep3 Rep4
Nevada 1.54 3,108 0.07 0.09 -0.12 0.11 0.19 4.37 4.45 4.04 4.47 4.52
New Hampshire 0.97 3,182 -0.04 -0.07 0.00 -0.05 -0.03 1.19 1.43 1.11 1.01 1.20
New Jersey 1.38 3,497 0.00 0.00 0.01 0.00 -0.01 1.13 1.12 1.40 1.06 0.92
New Mexico 234 2,787 -0.11 -0.04 -0.34 0.22 -0.30 2.08 1.72 2.67 2.20 1.74
New York 1.19 4325 0.03 0.06 -0.02 0.00 0.09 1.48 1.17 1.72 1.68 1.35

North Carolina  1.04 4,810 0.05 0.03 0.09 0.01 0.08 1.28 1.33 1.42 1.23 1.14
North Dakota 0.72 2,922  0.06 0.01 0.05 0.14 0.03 0.90 0.86 0.94 0.78 1.00
Ohio 1.33 4,631 -0.02  -0.07 0.00 0.01 -0.03 2.64 2.60 2.25 2.57 3.12
Oregon 1.69 3,176  0.15 0.11 0.10 0.12 0.28 3.34 2.99 3.60 3.46 3.32
Rhode Island 1.74 3,162 -0.06 -0.06 -0.13 0.08 -0.11 1.49 1.50 1.68 1.27 1.50
South Carolina  1.65 3,403  0.02 0.04 0.06 -0.03 0.01 0.96 1.00 1.10 0.82 0.92

Tennessee 2.56 3,533 -0.02 0.06  -0.03 -0.09  -0.01 0.82 0.79 0.67 1.03 0.80
Texas 1.09 5,067 0.07 0.02  -0.04 0.12 0.17 3.98 4.24 3.67 3.48 4.52
Utah 1.04 3,668 0.04 0.04 0.09 -0.08 0.11 1.90 1.76 1.94 1.96 1.93
Vermont 0.83 2,734 0.04 -0.05 -0.02 0.04 0.16 1.05 0.99 1.18 0.89 1.12
Virginia 224 3,308 0.00 0.04 0.00  -0.01 -0.05 1.34 1.61 1.43 1.01 1.32
Washington 1.26 3,635 0.01 0.05  -0.01 0.01 -0.02 1.94 1.52 2.30 2.40 1.54
Wisconsin 0.72 3,048 0.00 0.01 0.00 0.01 0.00 2.18 1.80 2.10 227 2.55
Wyoming 0.71 2,716 0.03 0.00 0.05 0.09  -0.01 0.60 0.36 0.71 0.67 0.65

Note . = not applicable. FPE = full-population estimation. MSE = mean square error. N = number of students. Detail may not sum to
totals because of rounding. SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education
Statistics, National Assessment of Educational Progress (NAEP), 2003 Reading Assessment. Authors’ calculations.

* Forty-two states with the state achievement test score as a school-level sampling variable were included in the study.



4. Discussion

The analyses presented in this report contribute to our understanding of the problems
with employing the current method for estimating state NAEP statistics, when the target shifts
from all students who could be assessed by NAEP to all students. They also shed some light on
the advantages and disadvantages of possible remedies. Specifically, we noted that
McLaughlin’s comparisons of state test scores for classified students who were excluded from
NAEP with those of classified students who were not excluded, indicated that the former
performed more poorly (on average). Since NAEP scores and state test scores are positively
correlated at the school level, a plausible inference is that the test scores of excluded classified
students are not missing completely at random (MCAR); rather, the more poorly a student would
perform on NAEP, the more likely that student is to be excluded.

We approached the issue somewhat differently. For 42 states, we categorized all
classified students by a pair of characteristics derived from the questionnaire that is filled out for
each such student. For each state, we found that there were substantial differences in exclusion
rates among the different categories of the resulting matrix and, moreover, that these rates were
strongly negatively correlated with the mean scores of the assessed students. Again, the
implication is that classified students’ scores are not MCAR. Obviously, our findings are
consistent with and, in a sense, account for those of McLaughlin referenced above.

We took the argument a step further by calculating indirectly standardized exclusion rates
and found that they were substantially less variable than the observed exclusion rates. We
concluded that the differences among states in aggregate exclusion rates for both SD and ELL
students could not be explained simply by differences in the characteristics of these students.
Together, these results support the assertion that straightforward comparisons of NAEP results
among some states are subject to bias.

It is important to note that even if the indirectly standardized exclusion rates had tracked
the observed exclusion rates, the problem of bias remains. The difficulty is that even if students
are excluded at random conditional on their characteristics (i.e., missing at random or MAR),
then they are not MCAR, which is necessary for the current NAEP procedure to perform well
with a different target population. Thus, in a situation in which students are excluded according

to a MAR process, we should expect to see some bias in the estimates derived from a NAEP-like
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procedure. Indeed, this is what was observed in Condition 1 of the HumRRO simulation and in
our simulation, as well.

How serious is the problem of bias? A simple but indirect approach to answering this
question is to look at the difference between the actual number of excluded students and the
number that would have been excluded had states experienced uniform category-specific
exclusion rates. The results obtained in section 2 suggest that for many states the differences are
relatively large.

A more direct approach employs simulations. The report by Wise et al. (2006)
documented the improvement in MSE realized by using FPEs rather than the current NAEP
procedure when the data are MAR. Again, this is consistent with our results. When student
scores are not even MAR (Conditions 2 and 3 of the HumRRO simulation), both the FPE and
current NAEP methods yield biased estimates—as expected. However, the comparative
advantage (with respect to the MSE criterion) of FPEs is even greater in these conditions.

In view of these findings, several issues remain for further consideration. We believe there are

three categories of issues: data, methodology, and policy.

4.1 Data Issues

The generation of PPV for excluded students is done separately for SD and ELL students.
Those students who are classified as both SD and ELL can be combined with either group. In
earlier work, McLaughlin (2000, 2001, 2003) included those students with the SD group. We
adopted that choice for our simulation. More recently (McLaughlin, 2005), the recommendation
is made to include them with the ELL group because that group tends to be smaller. The decision
is arbitrary, but not inconsequential. Using our simulation, we obtained PPV for this SD/ELL
group with both choices. The differences in mean PPV by state are substantial; indeed, for most
states the squared difference in the means is larger than all but one of the variance components
used to generate the PPV. Although the number of students in this group is quite small for most
states, it is necessary to make a principled and defensible decision on how to treat this group of
students.

The FPE methodology proposed by McLaughlin and the one developed in this report
differ in their treatment of missing data on the predictors and the differences should be resolved

before further empirical studies are carried out.
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In the present approach, a school-level variable that reflects the average score of the
school on the state test is used as a predictor. This variable is used in the selection of the NAEP
school sample. (For states in which this variable is not available, a variable related to the median
income of the school’s ZIP code can be employed instead.) McLaughlin does not make use of
this variable, with the rationale that use of state test data might be regarded as contaminating

NAEP results. Again, this difference should be resolved.

4.2 Technical Issues

Prediction. The choice of the regression model is critical to the generation of PPV. The
methodology for predictor selection currently favored by McLaughlin (2005) and the one presented
in this report are similar but not identical. As pointed out earlier, both methods suffer from the
possibility that the estimated regression coefficients are biased. One remedy would be to incorporate
the background data directly into the conditioning model, as has been done for the NAEP 2007
assessments. This change reduces the effort required to produce FPEs in real time. However, this can
result in substantial regression to the mean for those groups without cognitive data.

Variance estimation. In the HumRRO simulations, the variances of McLaughlin’s FPEs
were typically only slightly greater than the corresponding variances of the estimates based on
the complete data. One might expect that the lack of cognitive data would manifest itself in a
greater price paid in terms of variance. A concern, then, is whether the variances used to generate
the PPV are sufficiently large; that is, whether all sources of uncertainty have been properly
taken into account. This is critical because once the PPV are generated, the standard NAEP
variance estimation machinery is applied, so that PPV are treated as if they were PV.
Accordingly, the uncertainty must be built into the process that generates the PPV.

In this regard, there are at least two questions deserving further study.

1. The formula for the variance of a point on a regression plane is based on the
assumption of a fixed matrix of predictors. In this setting, the matrix is actually a
realization from a distribution of such matrices, which is induced by the sampling of
students and schools. It is not clear whether that variability is somehow already

accounted for and, if not, whether it is of sufficient magnitude to affect the results.

2. A close analysis of the results of the simulation reveals that, for excluded students,

the average variance between PPV within students is larger than the average variance
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between PV within students. The direction of the relationship is reasonable in view of
the fact that the latter are derived from a model that includes cognitive data. (There is
no basis to judge whether the magnitude of the difference is plausible.) However, the
jackknife estimate of the variance due to sampling for the FPE is typically smaller
than the corresponding estimate for the estimate based on the complete data. At this
juncture, it is not clear whether this is a reasonable result and, if not, what would be
an appropriate remedy. One suggestion is that this is due to the fact that imputing PV

in the manner described here reduces the clustering in the sample.

4.3 Policy Issues

An approach based on FPEs attempts to level the playing field by imputing PV for all
excluded students. This constitutes a material change in the target population, which could not be
adopted without extensive discussion—and eventual acceptance by the National Assessment
Governing Board. However, conceptual analysis and empirical results together indicate that
neither the current NAEP procedure nor the FPE constitutes an ideal solution. The former
because it assumes that all excluded students could not meaningfully participate in NAEP and
the latter because it implicitly assumes that all students could obtain a meaningful NAEP score."
In a sense, these two approaches are located at opposite ends of a continuum of possible
procedures and one can surmise that a strategy superior to either can be found somewhere along
that continuum. That strategy may well produce estimates that are closer to those of the FPE than
those of the current procedure.

What might such an approach look like? One alternative would be to generate the PPV
for all excluded students, but allow each state to exclude a fixed percentage, say 10%. Another,
more complex alternative would recognize that the populations of classified students do differ
from state to state with respect to the prevalence of characteristics associated with their ability to
meaningfully participate in NAEP. Consequently, another alternative would be to allow states to
exclude a certain percentage of students having a particular combination of characteristics, with
the percentage varying by combination.

For example, in the simulation presented in the previous section, students were placed in
1 of 10 categories. In general, the categories differed both in exclusion rates and the average

score for included students. In principle, it would be possible to set a maximum exclusion rate
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for each category based, in part, on the observed distribution of exclusion rates for that category
across states. That would be relatively easy to do if the category-specific exclusion rates did not
vary greatly. Unfortunately, they do, and so setting such maximums would require making
choices that could be regarded as somewhat arbitrary. Thus, even if most observers were to agree
that the current NAEP estimates are problematic, finding a consensus alternative is far from
automatic. Ultimately, the difficulty is that it is well-nigh impossible to devise a solution that
would be regarded as fair by all stakeholders.

Any attempt to change the target population must reckon with a number of challenges: (a)
Communicating change can be difficult and there is bound to be confusion, as well as charges
from some quarters that it is politically motivated; (b) since it is impossible to identify an optimal
procedure, the choice of an alternative will involve both technical considerations and value
judgments, each of which can be criticized on some basis; (c) a change will elicit a variety of
reactions from the jurisdictions. How they respond can materially affect the integrity of the new
procedure. Our hope is that this report will provide a foundation for further work in this area that

will lead eventually to a new approach to reporting NAEP results.
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Notes
! This research was carried out while Henry Braun was a distinguished presidential appointee at
ETS.
? McLaughlin (2005) modified this classification in his most recent analysis. Students who are
both SD and ELL are now included with the ELL group, called ELL all. Thus, the two new
groups are SD only and ELL all.

3 The term hot-deck procedure refers to a class of stochastic mechanisms for generating missing

data (Ford, 1983)

* Since the conditioning model that generates the PV does not include some the student
characteristics derived from the questionnaires filled out for the SD and ELL students, there is
a possibility of bias in the estimates of the regression coefficients of the variables based on

those characteristics (Mislevy, 1991). This issue is considered further in section 4.

> Although one can surmise how differences in practices at the school and district levels may
arise, the causes of these putative systematic differences are not particularly germane at this

juncture.

% The characteristics are the grade level of instruction and the severity of the disability. These
characteristics were selected on the basis of their strong association with exclusion rates and

NAEP performance.

” The characteristics are the grade level of instruction and the number of years of instruction in
English. Again, these characteristics were selected on the basis of their strong association with

exclusion rates and NAEP performance.

¥ Since the distributions of the exclusion probabilities are non-normal, we employ the

interquartile range rather than the standard deviation as a measure of dispersion.

? The homogeneity is with reference to the two characteristics used to classify the SD and ELL

students.

11t is possible, but unlikely, that one would reach a different finding with other pairs
characteristic variables, or by further subdividing the sample. See Cohen (1986) for a relevant

analysis.
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' For Condition 1, a propensity score model was estimated based on the original NAEP data and
that model was then applied to the completed data in order to select those records marked for

deletion of the cognitive data.

"’The variance component V", which was employed in the present simulation, was not used for
the version of this method evaluated in the HumRRO simulation.

13 To the extent that there are students enrolled in public schools that cannot meaningfully
participate in NAEP, the imputation of PV for those students based on the relationships

between NAEP performance and student characteristics for assessed students (SD and/or

ELL) is based on a counter-factual.
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